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Y% h.p. unit to the 780 cu. ft. per min., 40 h.p. model. 
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Editorial 


PRINCIPLES 
OF 
IMPOTENCE 


Alfred North Whitehead once wrote that the greatest 
invention of the nineteenth century was the invention of 
the method of invention. But when the history of science 
is written for the twentieth century, a large area of dis- 
agreement may well center on what this method is. In 1949, 
the disagreement got warm enough for P. W. Bridgman to 
enter the foray with: “there is a good deal of ballyhoo 
about the scientific method ... (because) there are as many 
scientific methods as there are individual scientists’. 


It is for precisely this reason that the “methods” of to- . 


day’s, as well as yesterday’s, scientists and engineers can 
be analyzed and applied with fortunate results. For some 
of the most shaking discoveries in pure and applied science 
came from relatively simple changes in the “method” em- 
ployed. Some involved a reorientation of data available to 
all; others hinged on a shift in attitude or point of view; 
and still others on a change of definition. The key is that 
the development of some concepts and hardware did not 
necessarily demand new discoveries or new data. They 
came from shifts in the minds of the men trying to find 
answers to problems that puzzled them, from looking at 
data in a different way, from throwing off the accepted 
dogmas of the day, from putting on a different kind of 
thinking hat. Let’s look at several typical examples. 


Mendeleyeff came up with what was then considered a 
revolutionary theory when he suggested a reorganization 
of the known chemical elements in a sequence based on their 
atomic weights. When gaps appeared in this ordered rela- 
tionship, he correctly predicted they would be filled. 


In attempting to determine the motion of the earth, Cop- 
ernicus shifted his point of view. He made the sun his 
reference point, a rather unconventional and heretical point 
of view. But it worked. With the naked eye, Tycho Brahe 
amassed amazingly accurate data of heavenly bodies, but 
was unable to determine a law for planetary motion. His 
assistant, Johann Kepler, saw an ordered relationship when 
he shifted his perspective by considering Mars rotating 
around the sun rather than around the earth. 


While Newton’s and Einstein’s mental processes were 
quite complicated, certainly one aspect involved looking at 
data in a different way. Both men defined physical quan- 
tities for the first time, each using a definition route un- 
familiar to his contemporaries. And Bridgman was the 
first to formulate a highly useful definition technique, the 
“operational method”, that has hastened the clarification 
and consequently the solution of technical problems. 


True, these examples are few and over-simplified, but 
they were selected because they are familiar to almost all 
technical men. Contemporary examples can be found in 
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developments and inventions daily granted patents. May 
of them contain similar mechanical, electrical or chemi¢ 
components; the difference is that they have been plac 
in a new relation with each other. Thus the Blue Boj 
published by the U.S. Patent Office may be considered) 
source book of shifts in perspective by research, develo 
ment and design engineers and chemists similar to tho 
used by our scientific greats. 


This issue of RESEARCH & ENGINEERING contains an arti¢ 
(starting on page 14) that describes a shift in perspectiv 
a different way of looking at and applying limit theorem 
Although the technique discussed by Hilary Moss is not) 
new one, it is the first formal development we know of th 
shows how to use the philosophy inherent in limit theorer 
as a practical tool in determining whether a proposed R, 
project is feasible or fantastic. | 


In some ways, Moss’s ideas are related to those expound 
by Sir George Thompson (Nobel prize winner in physi) 
1939) in a recently published book, The Foreseeable Futw 
Thompson risks a forecast of what the technological wol 
will be like a hundred years from now based on sev 
scientific principles. ‘Scientific principles’, Thomps 
holds, “are frequently principles of impotence. They s 
that certain things cannot be done, although they do 9 
say that everything else can.” And he illustrates the spe 
with which intricate developments are achieved when 
principle interferes. 


Moss and Thompson handle scientific principles in mu 
the same way, but emphasize different end results. Mec 
concentrates on applying the concept of the limit theore 
to scientific principles in the development of componer 
and systems, while Thompson uses the principles to glimy 
the future. Both describe their reasoning processes in sU 
stantiating their conclusions. Because their logic spells ¢ 
a useful tool that can readily be applied to everyday pre 
lems, their ideas make interesting reading for research ai 
development engineers. 


The March issue of RESEARCH & ENGINEERING will cé 
tain an article related to Moss’s paper and Thompso: 
book in that their concepts are implicitly applied withe 
a definite statement to that effect. In Power: The Key 
Flight Beyond The Thermal Barrier, Professor Israel Ke 
of Cornell University proposes a new approach to the ¢ 
velopment of high-speed aircraft involving the use of hig] 
integrated turbojet engine-airframe combinations. K: 
applies Moss’s approach in analyzing those factors whi 
limit conventional turbojet engine performance in propelli 
high-speed aircraft and then describes an intriguing so 
tion complete with mathematical reasoning and desi 
sketches. He applies Thompson’s approach in outlining 1 
probable appearance of future aircraft for safe, economi 
flight at hitherto unattainable speeds within our atmosphe 


The important aspect of the work of these three men 
that each contains essentially the same significant te 
Whether you call the tool “principles of impotence” or e\ 
perhaps “principles of impetus” depends upon your po 
of view. Undoubtedly, this tool or method of approach 
project evaluation will be an important component of 2 
thought process or overall “method” you use to solve tech 
cal research and development problems. 


Research & Enginee 


H : Aq? mnt 
wehbe tines tea a teens 


| Ce He Vapor - fem. Cell . 


TRAHSIAITTANCE 
& 
ESES Pees 

| 
i 
j 

EE 

ee 

+ 


Hi 
nos Het 5 


he Warren Spectracord* Unit 


- The Warren Spectracord—well known as a ver- 
with d N CW DO U B LE M 0 noch lO mator satile and reliable recording unit for ultra-violet 
= monochromators—has joined the Perkin-Elmer 
= ‘“ < family of products. In addition, a new double 
; N OW av a i a bh 2 monochromator, expressly designed for use 

with the Spectracord is also available from P-E. 

A Spectracord equipped with the new double 

f p i monochromator permits greatly improved per- 

ro m = formance over the earlier single monochromator 

combination at a nearly comparable price. 

Stray radiation is reduced to the vanishing 

point. Resolution is increased throughout the 

range. Operation at considerably higher absorb- 
ancy levels is thus possible. 

The Spectracord is still available as an attach- 
ment to existing single monochromators. As a 
Perkin-Elmer product it is now backed by P-E’s 
extensive service and application engineering 
facilities. 

If you are considering expanding your UV 
facilities, either through additional equipment 
or by modernizing your present monochroma- 
tor, why not consider the Spectracord? We will 
be glad to supply complete information. 


*T.M. Warren Electronics, Inc, 


Perkin-Elmer 


CORPORATION 
Norwalk, Connecticut 


Developments in R/E 


The Changing American Economy 
Bulls versus Bears 


It is always interesting (if a trifle confusing) to listen 
to the bellows of the bulls and the growlings of the bears 
as each new year is ushered in. 1956, say the bulls, will be 
a year of unprecedented prosperity for the American 
people; not so, say the bears, citing the “soft spots” in 
automobiles, steel and agriculture. This disparity of opin- 
ion among the experts is not in the least unusual; but it 
does indicate that our economy is so vast as to defy the 
prognosis of any one individual or group. 

What is needed, apparently, is a saner approach to the 
business of forecasting—tempered by the cautiousness of 
the pessimists and the ebullience of the optimists. One 
such approach was described by Ralph J. Watkins in his re- 
cent presidential address to the annual meeting of the 
American Statistical Association in New York. 

“The conviction that catastrophic depressions can be 
avoided does not at all imply a belief that economic reces- 
sions are a thing of the past. Indeed, we can see that moder- 
ate economic fluctuations are part of the price of freedom. 
They are inherent in a free economy; inhere basically in 
that precious hallmark of a free society—freedom of choice; 
freedom to buy or not to buy; freedom as to what to buy; 
freedom of occupation and freedom of entry into business; 
and freedom in the management of our far-flung business 
system, composed of more than four million separate busi- 
ness concerns. 

“The business cycle is still with us and will continue with 
us so long as we remain a free economy and a free society, 
though we may properly continue our efforts at lessening 
the amplitude of economic fluctuations and may well hope 
to achieve more and more progress as we learn more about 
the behavior of the economy and as our management 
skills are sharpened by experience. There can be no guar- 
antee, however, against recurrent mild recessions and pe- 
riods of readjustment like those of 1924, 1927, 1948-49 and 
1953-54. But we can take those in our stride, precisely be- 
cause we have learned how to ameliorate some of the con- 
sequences of such recessions at the same time that we have 
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learned how to prevent their spiralling into massive cred: 
liquidation and deep-dyed depression.” 


The Shrinking American Buck 


If anybody needed proof that the dollar isn’t what it use 
to be, Mrs. Aryness Joy Wickens, Deputy Commissione: 
Bureau of Labor Statistics supplied it in an address befor 
the annual meeting of the American Economic Associatioy 
But the news isn’t entirely bad. While the value of th 
American dollar is today about one-third as much as it wé 
in 1900, the rise in personal incomes has been greater tha 
the rise in prices. The picture is even rosier when one cor 
siders that a larger share of today’s larger pie is being wide 
ly distributed among the working population. 

Mrs. Wickens attributes the decline in the dollar’s valu 
to wartime inflation. “Each of the wars in American his 
tory, including the wars in the Nineteenth Century, brougl 
on inflation ... followed by further postwar inflation an 
later, by a drop in prices.” 


Changing Employment Patterns 


If this nation can be characterized by any one word, it 3 
“dynamic”. This concept, coupled with our vast industrié 
complex, may well explain America’s dominant role i 
world affairs today. More than a little of the credit for ou 
prosperity and growth is due to changing patterns of ir 
dustrial employment, says Seymour L. Wolfbein of the Bu 
reau of Labor Statistics. 

Wolfbein points out that the 35-odd years since the en 
of World War I have seen not only an enormous increase i 
the size of industrial employment, but major changes in it 
composition as well. Alternating periods of prosperity an 
depression and war and peace, substantial technologicé 
change, significant geographical shifts by industry and pec 
ple, new products'and new markets—these and many othe 
factors have changed the industrial profile of the natior 
By the same token some of the most important changes a: 
fecting our labor supply—the increased number of wome 
workers, changing labor market participation among youn 
and old, changes in our occupational structure—stem i 
large part from the changing patterns of employment. 

Two of the most important changes in the industrial en 
ployment picture, according to Wolfbein, are (1) the tre 
mendous increase in nonfarm employment and (2) th 
gradual but persistent shift in employment from the good: 
producing sectors to the service-producing sectors of th 
American economy. | i 
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Nuclear Notes 


AEC Encourages Private Industry 


When the Government says it’s getting out of the peace- 
ime atomic energy business, it apparently means just that. 
uatest word from the AEC’s Lewis L. Strauss is that the 
Jommission has approved a program to encourage private 
ndustry to build and operate plants for the chemical proc- 
sessing of irradiated fuel elements. 

According to Strauss, these operations have up to now 
geen performed only by Government-owned plants at var- 
ous AEC sites. To speed up the program, the AEC will 
nake available (1) Commission technology in the field of 
szhemical processing to interested firms, and (3) limited 
mounts of certain irradiated fuel materials from AEC re- 
wctors for processing by industry to the firms which submit 
icceptable proposals to the Commission at a date to be spec- 
fied, about 18 months from now. Commission facilities may 
ilso be utilized by private firms for research and develop- 
nent, and training in connection with the chemical process- 
ng field (the user to defray full costs of such utilization). 

The AEC will make available to all interested and quali- 
ied companies further details of the program, and certain 
lassified information useful in preparation of proposals. 


Nuclear Food Sterilization Years Away 


Sterilization of foods by nuclear radiation isn’t just around 
he corner. According to Dr. Leonard Reiffel, supervisor of 
wclear physics, Armour Research Foundation, radiation- 
sterilized foods taste, smell and look terrible. What does 
seem possible, according to Reiffel, is radiation pasteuriza- 
ion—killing most, but not all of the bacteria. Pasteurization 
equires much less radiation, does not destroy food quality 
ind still lengthens storage life under refrigeration. In the 
neanwhile, antibiotics are actually coming into use for 
reservation of poultry, fish and meat. 


srouping Isotope Uses 


A handy grouping for radioisotope uses under three dif- 
erent degrees of radiation required has been implied in a 
ecent speech by Ronald A. Brightsen, president of Nuclear 
Science and Engineering Corp. Mr. Brightsen classified 
ipplications under: Class A—small amounts of radioactiv- 
ty required; Class B—high-intensity gamma radiation spe- 
‘ified ; and Class C—exceedingly small quantities of radio- 
ctivity needed. 

The vast majority of industrial applications for radio- 
sotopes falls under Class A. Mr. Brightsen believes that 
his area will grow most rapidly. Class B uses are those that 
equire radiation sources ranging from hundreds of curies 
(0 tens of thousands of curies. Typical examples would be 
n the radiation sterilization of large quantities of food. 
Quality control applications requiring tiny amounts of ra- 
liation far below hazardous levels would come under Class 
J. By adding the isotopes to a product or process, extremely 
sensitive radiation detectors would tell if some product or 
rocess is at fault. Brightsen believes that this last tech- 
lique coupled with automatic controls will have far-reach- 
ng effects in many industries. 
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new Baldwin instrumentation system 
measures engine thrust electronically 


In the new test cells at an Air Force base in California, jet engine 
thrust and consumption of lubricating oil are measured by a Baldwin 
instrumentation system that is instantaneously responsive and accu- 
rate to Y%. ; 

At the heart of the system are the Baldwin SR-4® transducers 
which sense changes in load and convert them into electrical quan- 
tities. Load cells are hermetically sealed and have no moving parts, 
so the system is always reliable and virtually maintenance-free. Signals 
are transmitted from the SR-4 load cells, amplified, and indicated 
on specially modified 5-range potentiometers which are calibrated 
in pounds for direct reading. Every Baldwin system is pre-loaded and 
calibrated to achieve the guaranteed accuracy. Signals may also be 
fed into a digital computer. 

Baldwin designs and builds instrumentation systems for any appli- 
cation involving force, weight, pressure, torque, flow,-tension—from 
simple measuring and indicating systems to complete feedback 
control. Next time you have a control problem, why not let our 
engineers help you? In the meantime, for a copy of our illustrated 
bulletin 4309, write to Electronics & Instrumentation Division, 
Baldwin-Lima-Hamilton Corporation, 806 Massachusetts Avenue, 
Cambridge, Mass. 
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Atomic Battery Won’t Replace Dry Cell 


Based on a Signal Corps investigation of atomic batteries, 
an engineer has predicted that the chemical battery will 
never be “seriously challenged” by the nuclear battery. 
However, the latter should eventually find wide applica- 
tion. Speaking before the AIEE Winter General Meeting 
earlier this month, William Shorr said that further develop- 
ment of more effective radiation shielding materials and a 
higher conversion efficiency for the atomic cell are needed 
to increase its uses. 


Radioisotopes Easier to Get 


In line with Administration efforts to stimulate the de- 
velopment of a peacetime atomic industry, the AEC has 
made its radioisotopes easier to obtain. The radioisotope 
distribution regulation first issued in 1951 has been revised 
to make procurement much easier for both foreign and do- 
mestic users. For example, marketing of a more effective 
static eliminator containing polonium-210 is aided. Com- 
mission licensees in the United States will now be able to 
ship byproduct materials having an atomic number from 
3 to 83, inclusive, directly abroad. 


Education Notes 


Engineer Shortage 
Blamed on Intellectual Climate 

In the continual rain of reports and speeches on the na- 
tion’s shortage of technical personnel, a recent speech by 
President James R. Killian of MIT was particularly pene- 
trating. Because there is a clear limit to the number of 
young people who can be induced to study engineering and 
science profitably, Dr. Killian urged more emphasis on 
the quality of training of scientists and engineers. He also 
supported certain other tactical steps for relieving the 
trained manpower shortage. But all these recommendations 
were only a prelude to his main contention: that the in- 
tellectual climate of the times is turning young people away 
from the study of science. 

In his speech, the Sigma Xi address at the recent meet- 
ing of the American Association for the Advancement of 
Science at Atlanta, Ga., Dr. Killian said the shortage “... 
is not simply a shortage of men. First and basically, it is 
a shortage of high intellectual talent adequately edu- 
cated and in the right place. Second, it is more a shortage 
of quality and of specific talents and skills adaptable to 
specific areas than a general shortage of numbers.” 


Warns of Antagonizing Other Professions 
Emphasizing that there are just so many talented young- 
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sters to go around, Dr. Killian warned that forced recruit- 
ing of science students could lead to resentment on the 
part of the other professions that do not receive their 
share of the crop. And this resentment of science is what 
particularly concerns the head of MIT. 

Blame for the current aversion to rigorous thinking 
on the part of young people “ ... rests with parents even 
more than it does with the schools”. But Dr. Killian also 
blamed the technical community in part for this condition. 
Too little effort is being directed towards explaining science 
to the general populace, he contends. Although the tech- 
nical community can do little to combat the strong anti- 
intellectual forces in the nation, they can make science 
as intelligible as possible to the poets, historians and men 
of affairs. 

“.. The scientist and engineer have tended too much 
to professional parochialism. They have been preoccupied 
with their own trade secrets, too little concerned to com- 
municate these secrets except to each other so that the 
public misunderstandings about science can be diminished 
by facts and not aggravated by mystery.” 

In other parts of his speech Dr. Killian warned against 
lowering the standards of selectivity and performance to 
educate more scientists and engineers. He also supported 
the current trend in engineering schools against too early 
specialization and towards greater training in the funda- 
mentals of science and mathematics. : 


Fundamentals First 


In another statement Dr. John T. Rettaliata, president, 
Illinois Institute of Technology, said that more emphasis 
on fundamentals is necessary to prepare the graduate for 
the broader responsibilities he must assume. Changes in 
the engineering and science curricula can be expected, he 
said, in the nation’s colleges and universities as a result 
of technological developments. Citing rapid advances 
of science—particularly in nuclear energy, guided missiles 
and automation, Dr. Rettaliata said that educational 
leaders must be alert to the need for providing “educated 
manpower of adequate quality and quantity” to support 
the advanced technology. 


Admiral Rickover Agrees 


President Killian’s and Dr. Rettaliata’s views on the 
quality of today’s graduates are being supported in a 
series of recent speeches by Rear Admiral Hyman G. 
Rickover, developer of the atomic submarine. Admiral 
Rickover has found in interviewing thousands of young 
engineers for employment that “ ... they know many 
facts—but they have not learned many principles.” 

Agreement with the insistence of these leaders of the 
technical community on greater emphasis on fundamentals 
is coming from many directions. Future engineering stu- 
dents at Pennsylvania State University may be required 
to take three years of fundamentals and only one in their 
specialization. Such a curriculum has been offered to a se- 
lected group of exceptionally gifted students since 1953, 
and it is now being evaluated. A General Electric nuclear 
engineer speaking at the recent Nuclear Engineering and 
Science Congress also urged that undergraduate education 
for the nuclear designer should emphasize engineering 
fundamentals rather than applications. Robert J. Fritz 
advised that “. . . Specialization in any particular fie 
should be reserved for the graduate program.” — 
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Science Teacher Workshop Planned 


The proponents of improved engineering education will 
no doubt be pleased to learn of a new program to increase 
the supply of well-trained science teachers. Teachers Col- 
lege, Columbia University, is starting a special workshop 
course next fall for professors at colleges that train science 
teachers. The participating professors will make trips to 
industrial plants and research organizations and hear talks 
by leading scientists. Goal of the program is to help raise 
the level of science instruction in the nation’s high schools. 
A number of industrial organizations are contributing to 
cost of the workshop. 


Revolution in Education 


College enrollment may double by 1970 (to six million 
or more students) if present trends continue, said Harold 
Goldstein of the Bureau of Labor Statistics, speaking be- 
fore the American Statistical Association. Factors behind 
this increase, he said, include: (1) higher family income 
levels and greater security; (2) widely publicized shortages 
of engineers, scientists and other highly trained workers; 
(3) the veterans education program; (4) public recogni- 
tion of the value of college education; (5) accessibility of 
college education to more people through “community 
colleges” (or junior colleges) ; and (6) increasing concern 
lest we fall behind the iron curtain countries in our supply 
of highly-trained manpower. 
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Obsolete Management 


The most important aspect of industry’s obsolescence 
problem, says Phil Shay of the Association of Consulting 
Management Engineers, Inc., is obsolete management. In 
fact, if management is ferward thinking and competent, all 
other aspects of obsolescence—equipment and methods in 
particular—will get the modernizing attention they need. 

According to Shay, there are three major reasons for 
need for improvement in the management area: 

® Business itself has changed—become more complex, 

more broken up into specialized functions—so that it 
requires more technical competence on the part of 
every manager below the president, or a rare com- 
bination of technical skills on the part of a manager 
who runs a one-man show; and also more over-all 
coordinating or administrative competence on the 
part of the top man. 

® Likewise, people have become the one scarce resource 

of business . . . people must be planned for and 
developed. 

@ Many companies are headed by managements that 
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.synthetic rubbers that are adaptable to modern, streamline 


grew up with the business during a period when t 
requirements for success were, if not less rigoro 

at least considerably different. So, unless they try 

to adjust themselves to new conditions, they ar 

likely to run into serious difficulties. ; 

In view of these circumstances, what can management 

do? There are at least three general courses of action te 

follow: (1) executive development to improve the per- 

formance of individual managers; (2) organization te 

provide for all the necessary functions; (3) continuous 

appraisal of the performance of executives. + 


Executive Development Booms 


One of the most significant happenings in management 
practice in the past decade has been the mushrooming of 
company executive development programs. Top manage- 
ment no longer relies on hit-or-miss methods of preparing 
their younger executives for positions of higher responsi- 
bility. Ultimately, of course, these same young execs will be 
tomorrow’s captains of business and industry. Hundreds of 
progressive concerns now feel it mandatory to install a for- 
malized executive development program, hire a professional 
training man to run it and use the resources of local col- 
leges and universities as part of the effort. 

This intense interest by private enterprise in its lowe 
echelon leaders is reflected by MIT’s recent announcement 4 
30 Alfred P. Sloan Fellowships in executive development 
during the 1956-57 year. Winners will study economics 
labor, finance, human relations and administration. 

According to Dean E. P. Brooks of the MIT School of 
Industrial Management, the fellowships will be awarded tc 
young executives who are nominated by their employees on 
the basis of “proven capacity for growth into major execu- 
tive responsibilities”. The nationwide competition will close 
on March 2, 1956. Applications and further information are 
available from Professor Howard W. Johnson, director of 
the program. 


R/D Leads to Improved | 
Synthetic Rubbers 


With an assist from private industry, synthetic rubbei 
has come a long way since the old, war-time emergency days 
when it was first made by the government. The General Tire 
and Rubber Company and El Paso Natural Gas mete 
will build the nation’s first postwar, privately-financed an 
completely-integrated synthetic rubber operation near Odes- 
sa, Texas. The long-term agreement between the two firms 
covers production and sale of styrene and butadiene to sup- 
ply the new GR-S copolymer plant, which is expected te 
start production by July 1, 1957. Odessa is a natural and 
economical site for the operation, which literally will ex- 
tract raw materials from the ground, convert them inte 
styrene and butadiene, and process them into GR-S in 2 
single production flow. é 

The move climaxes years of research and development in 


equipment and processes. General Tire’s chemists invented 
the black masterbatch, a method of infusing carbon blac 
into synthetic rubber in the latex state, which saves mor 
than one-third the milling time of GR-S. Oil-extended syr 
thetic rubber, another General Tire innovation, is no 
widely used in the industry. 
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MISSILE 


SYSTEMS 


Physicists and 


En ge meers 


New developments at 
Lockheed Missile Systems 
Division have created 
positions for physicists 
and engineers of 


outstanding ability in: 
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Do-It-Yourself Tubes in Sheets 


Based on a concept that leapt practically 
full-blown into his mind, Richard A. Wil- 
kens of Revere Copper and Brass has lead 
a research team to the development of 
“Tube-In-Strip”. Shipped flat, these sheets 
of various non-ferrous metals can be 
readily processed by the user into sheets 
with straight thin-walled tubes running 
through them. Not much more expensive 
than standard sheet metal itself, Tube- 
In-Sheet has many heat exchange and 
structural applications. 

The great virtue of Tube-In-Sheet is 
that it can be produced in standard rolling 
mills. Rods of material called “resist” are 
first carefully positioned in the conven- 
tional casting mold. Their only function is 
to prevent the metal from sticking to itself 
in the rolling process. The molten metal is 
then poured into the mold. This billet is 
then handled like other billets in the mill. 
In the rolling process, the resist is crushed 
into a fine powder. When the sheets reach 
the customer, a heavy needle is inserted 
into the edge of the sheet in the region of 
the crushed resist. Compressed air, or 
water under pressure for the thicker sheets, 
blows up the wube like a long balloon. By 
placing metal dies over the sheet before 
it is blown up, tube shapes other than 
cylindrical ones can be fabricated. Only 
the ends of the sheet are scrapped. 

Great economies in manufacturing heat 
exchange equipment can be achieved by 
using Tube-In-Sheet. Buying expensive 
tubing separately and attaching it to sheets 
of metal can be eliminated—with savings 


in metal too. Typical applications could be > 


in chemical processing equipment, home 
water heaters, refrigeration and air-con- 
ditioning equipment, and possibly car and 
home radiators. Structural uses are an- 


Developments in RIE | 


other great field of application. Tube-In-— 
Sheet could replace corrugated panels. One 
interesting application would be fabricat-— 
ing the inner wall of a refrigerator car or 
truck from Tube-In-Sheet. , 

The tubes can also be cut out of the sheet — 
—an inexpensive method of making thin- 
walled tubes. If anyone ever thinks of an 
application for zinc tubes, this technique — 
is the only way to make them. Zinc lacks © 
the ductility necessary for tube drawing, 
as does lead. 

As Vice-President in charge of Revere’s 
Research and Development Department, 
Mr. Wilkens has the responsibility for de-- 
veloping new products. No one asked him — 
to work on Tube-In-Sheet, but with the 
Olin Mathieson “Roll-Bond” process vague-~ 
ly in mind, he suddenly thought of Tube-— 
In-Sheet. Two years of work on the part 
of Mr. Wilkens, his assistant Martin Du-_ 
bilier, and a diversified development team 
at Revere’s laboratories at Rome, N.Y. 
were required to perfect Tube-In-Sheet. 
The major research effort was expended 
on the resist. Friability and resistance to 
molten metal are its two main properties. 
Each metal requires a different resist ma- 
terial. The size and shape of the rods are 
varied to produce the various diameters 
and thicknesses of tubes in the sheets. 
Tubes can be fabricated as close as 14” 


-apart, and they do not all have to be of 


the same diameter. 3 
At present Tube-In-Sheet can be pur 
chased in deoxidized copper, 85-15 and 
70-30 brasses, and 1100 and 3003 alumi 
num alloys. Additional metals will soon be 
available, and further research is being 
carried on in stainless steel. For more 
information, write to Revere Copper and 
Brass Inc., 230 Park Ave., N.Y. 17, N.Y 


Red Tape Slows 
Development of Vital Weapons 


From time immemorial, the controversy 
over government infringement on manage- 
ment prerogatives has raged, often with 
too little regard for the rights and priv- 
ileges of either side. Now the argument is 
centered in an area of life-and-death im- 
portance to the American people—the de- 
sign, development and production of cru- 
cial new weapons systems—in particular, 
the various ballistic missiles. 

We cannot, as we have been prone to do 
in the past, shuck off this issue between 
Government and industry as being politi- 
cally-inspired. Its importance to national 
survival was recently pointed up by Sena- 
tor Harry M. Jackson (D., Wash.) when 
he said that the Soviets may win the race 
for the intermediate-range 1500 mile bal- 
listic missile during 1956. The implication 
may well be that the Russians will then 
proceed to outstrip us on the true inter- 
continental ballistic missile. As an example 
of U. S. delay in new weapons production, 
Jackson cited the fact that the Soviets 
moved two years faster than we did in 
mass-producing long-range jet bombers. 


The Captains and the Colonels 


Production delays in the aircraft in- 
justry, says Hanson W. Baldwin in the 
New York Times, are partly the result of 
encroachment by military officers upon 
management responsibilities. According to 
yne aircraft executive, ‘Colonels have run 
—in the fullest sense of the word—the 
biggest bomber plant in the country. And 
young captains have dictated to the oldest 
engineers in this complex business the 
exact procedure for a minor part develop- 
ment.” 

The encroachments of military authority 
are not limited to any one phase of air- 
sraft production. Military officers, many 
9f them without the necessary experience, 
are moving squarely into control of engi- 
neering and development planning. 


The Issues Involved 


According to Baldwin, major factors 
behind the trend toward steady extension 
of military power in the aircraft industry 
are: 

@ The industry is primarily dependent 
on the military for its present pros- 
perity. 

e@ Fifteen years of war and emergen- 
cies and huge military budgets, with 
air power getting the lion’s share of 
the defense dollar, have turned the 
aircraft industry into a military in- 
dustry, bestowing immense power on 
the military. 

@ Cost-plus contracts, which require 
by law careful cost accounting and 
Government supervision, have led to 
extension of Government control. 

_ @ The Government owns many aircraft 


factories—or parts of factories— 
built with Government funds during 
World War II and now operated 
under contract by private concerns. 
@ Much engineering and development 
work now is financed by Government 
research contracts. 

Thus, the Government’s interest in the 
aircraft industry has grown and with it 
a greater degree of Government control. 
But the thin line dividing proper Govern- 
ment supervision from Government inter- 
ference and inefficient management has 
been overstepped, in the opinion of many 
in the industry. 


The Industry Answer 


“The military man,” one expert said, 
‘is gradually taking over the trained and 
experienced civilian expert’s responsibili- 
ties.” A representative of a large concern 
told the Air Force that the best way to 
speed up development progress was ‘“‘to 
leave us alone’. If a speed-up in design 
and development is desired, says Baldwin, 
this advice should be heeded in Washing- 
ton. It might be wise to remember that 
whatever their methods, the Soviets allow 
nothing to impede their military progress. 


German Plastics Industry 
Growing 

The German plastics industry is grow- 
ing faster than its American counterpart. 
According to Dr. J. A. Neuman, president 
of American Agile Corporation, German 
use of plastics is twice that in the United 
States. However, a greater total tonnage 
of plastics is produced here. Plastics are 
being extensively used for structural pur- 
poses, in chemical plants, and for under- 
ground conduits and water mains. 


X—Ray Shots Printed 
Electronically 

An electrostatic printing technique that 
has already been applied to producing 
coded paper tape for computers and in 
addressing machines has been adapted to 
making X-ray photographs. Because of 
the speed of print development by the new 
method, it could be applied to continuous 
production-line X—ray inspection of certain 
metal parts. Called “xeroradiography”, the 
technique was developed jointly by the 
Haloid Co., Rochester, N.Y., Battelle 
Memorial Institute, Columbus, Ohio, and 
the X-Ray Dept., General Electric Co., 
Milwaukee, Wisc. 

The major application of xeroradi- 
ography will be in medical diagnosis. Since 
chemicals and water are not required in 
the development process, the process is 
especially valuable in disaster areas or 
following an atomic attack. The reusable 
plates employed are not affected by ex- 
posure to atomic radiation. Xeroradiogra- 
phy can be performed with conventional 
X-ray equipment, but GE is going to mar- 
ket special X-ray gear to take full ad- 
vantage of the development. 
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Here’s a unique tool for eliminating most of the guess- 


The problems of the | 
industrial research director are three- 
fold: program selection, budget and control, 


and the establishment of an effective working team. 


work in the first important task — program selection. 


LIMIT THEOREMS. 


Practical 
Tool 

for 
Project 


Evaluation 


Hilary Moss 
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Most research managers would probably agree that 
“hunches” and “intuition” play a distressingly large part 
in their programming activities. While good intuition will 
always be one of the hallmarks of the able research man- 
ager, the purpose of this article is to determine whether the 
intuitive process can be rationalized and what tools, if any, 
exist to accomplish the task. We will investigate, in parti- 
cular, a tool described as “limit theorems” and show how 
vital these can be in determining program direction. No 
doubt most research managers (especially those with a 
strong scientific background) have always used such meth- 
ods. But formal development of the subject, at least in man- 
agement circles, seems to be lacking. 


What is a Limit Theorem? 

Nature has surrounded us with a vast system of phenom- 
ena which the scientist classifies, formulates and analyzes. 
The end point of this analysis, in its highest form, is a 
mathematical statement of the phenomena in terms of the 
simplest set of natural variables and with the minimum 
number of associated postulates. Maxwell’s Laws, for ex- 


Research & Engineering 
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mple, represent the epitome of profound study in the field 
f electro-dynamics. 

One of the industrial scientist’s tasks is to select from 
ais huge assortment of ‘phenomena those which appear to 
ave relevance to the problem at hand. Generally speaking, 
1is selection involves the judicious marriage of a consider- 
ble number of these phenomena. Often this process con- 
titutes the act of invention, at least in those instances 
yhere a high degree of skill has been exercised in choice 
f the selection. 

If this is a correct general statement of the mental pro- 
esses underlying the creative act, then it follows that the 
evice so produced will be circumscribed in its performance 
y the natural laws which underlie it. In fact, one of the 
lost significant consequences of formulating a system of 
atural laws is the bound they impose on any physical sys- 
2m based on their principles. That such limits exist is ob- 
ious enough if we consider essentially simple arrange- 
ents. Usually, however, considerable study is necessary 
) see clearly how a physical limit operates, and particularly 
) assign quantitative values. As an example of these state- 
ents, consider the following: No one needs a profound 
nowledge of Newton’s Laws to appreciate that a man can- 
ot give high acceleration to a 70-ton freight car by pulling 
along a horizontal railroad track. On the other hand, con- 
derable knowledge of thermodynamics is needed to rec- 
ynize the theory behind Carnot’s great principle; namely, 
iat there is a theoretical maximum to the efficiency of a 


eat engine, which is defined once and for all, when maxi-:_ 


um and minimum temperatures of the working medium 
re known. 


onception Behind the Limit Theorem 


The conception behind the limit theorem, therefore, is 
iat we search first for a clear understanding of the basic 
atural laws on which the device under study operates. We 
len ask ourselves what limits on performance are imposed 
y these laws. To do this we have to appreciate that the 
rm “performance” needs close definition and that in use 
1y practical device will be characterized by a large number 
'“nerformances” (e. g., in the case of an engine, by such 
ictors as weight, fuel consumption per hour, fuel consump- 
on per brake horse power per hour, and bhp per pound 
‘engine weight). In this way it may be possible to set up 
limit on many or all of these factors. 

Several important advantages are usually gained by con- 
derations of this sort. In the first place it will generally 
> found that an upper limit is much easier to determine 
an an actual estimation of the parameter involved, since 
ie latter figure will always require a precise understanding 
> such matters as the efficiency of the system under study. 
his, in turn, will inevitably involve a very detailed and 


often impracticably complex analysis. Once the figure is 
reached it has the important advantage of creating a yard- 
stick against which we can assess the observed performance 
of some experimental model of the device involved. By ex- 
amining the discrepancy between the theoretical maximum 
performance and the measured performance, we can an- 
swer the first important question which is always funda- 
mental in the establishment of a research program: What 
margin is there for improvement? Sometimes the answer 
to this question will indicate, without further study, the 
absurdity of continuing the work in any specific direction 
since the margin for improvement may obviously be too 
small to be worth the effort. 

An interesting and perhaps unexpected by-product of 
this limit theorem philosophy lies in the fact, well estab- 
lished in scientific history, that the clear and unambiguous 
recognition of a limit in the performance of some device 
frequently leads to rapid recognition of a related device 
which does not show the same limitation. The related device 
is designed to specifically circumvent the natural law 
bounding the original system. A dramatic illustration of 
this is furnished by the history of the radio tube industry. 
Around 1930 advanced workers in vacuum tube theory were 
beginning to recognize that the transit time of the electrons 
from cathode to anode would impose a limit on the high 
frequency performance of conventional space charge mod- 
ulated tubes. Studies in the way this limitation arises led 
directly to the concept of velocity modulation in contra-dis- 
tinction to space charge modulation, thus opening the path 
to a new era in radio communication. 


Limits and Quasi-Limits 

So far we have implicitly assumed that the device under 
study is directly related to laws which to the best of our 
belief are entirely inevitable and utterly fundamental to the 
structure of the physical universe as we conceive it. For 
example, in this category are the first and second laws of 
thermodynamics and Newton’s Laws. In practice, of course, 
the situation which often develops is not so clear-cut and 
we find ourselves dealing in what can be better described as 
quasi-limit theorems. In studying a number of problems in 
the field of thermionics, for example, we can relate the phe- 
nomena to J;, the saturated emission density from a ther- 
mionic cathode surface. Now this figure can hardly be re- 
garded, in the present state of the thermionic art, as having 
a definite value, since so much depends upon the surface 
treatment, expected life, and other factors. In this instance 
our “limit”? theorems may rest on the uncertain value of a 
constant or a set of constants. Obviously, the conclusions 
we draw cannot be more precise than our knowledge of 
these constants. 

At this stage it is natural to ask whether the limit theo- 


rem concept has proved of value in such a situation. Gen- 
erally, the answer is in the affirmative, not merely because 
the range of values of the constant is fairly limited in many 
instances, but rather because the analysis has unambigu- 
ously directed attention to the part which this constant 
plays in the overall performance of the system under study. 
This may, for example, indicate the advisability of research 
to alter the value of the constant in question. Furthermore, 
it obviously directs attention to the possibility of applying 
a limit theorem to set a bounded value on the constant. If 
this can be done (i. e., if our knowledge of the basic theory 
is sufficiently advanced), then we may be able to convert the 
quasi-limit theorem to a full limit theorem. From this view- 
point it is clear that a quasi-limit theorem can be looked 
upon simply as a limit theorem which is referred back to a 
derived concept or constant rather than directly to some 
deeply fundamental law. Example No. 6 illustrates exactly 
the situation discussed above. 


Asymptotic Limits and Steeply Varying Functions 


Quantities which approach limiting values in asymptotic 
fashion are common throughout science. This situation pre- 
sents no problem since the asymptote is by definition a per- 
fectly clear limit. However, a much more usual situation is 
the relationship where the function is unbounded except at 
infinity, but none-the-less approaches the infinite boundary 
very steeply. For example, we may cite a class of problem 
involving the propulsion speed of some object through a vis- 
cous material. A simple example is a boat moving through 
water. Here it is well known that the resistance to motion 
rises very steeply as the velocity increases. Frequently a v® 
law is assumed. Therefore, although we cannot assert that 
the speed of the vessel reaches a definite limit as the power 
of the engines is increased, it is obvious that a speed will 
be reached when further increases in engine power are vir- 
tually useless. Other methods such as changes in the hull 
shape must be resorted to if economical speed increases are 
to be achieved. 

This example illustrates very well the less definite situa- 
tion which quasi-asymptotic limits lead to. All we can say 
is that the precision of our statements diminishes since def- 
inite limits do not exist. This in turn means that the practi- 
cal solution can be arrived at only by introducing other con- 
siderations, usually economic. The matter thus becomes 
somewhat less amenable to rigorous numerical treatment. 
However, much of the value of thinking along these lines 
still remains. Again, it is possible to determine sensible and 
logical bounds to the parameters under study, although in 
terms of less definable economic or similar factors. 

The Stefan-Boltzmann4th power radiation law is another 
good example of an unbounded, but steeply rising function. 
The radar equation showing a 4th power relationship be- 
tween maximum range and transmitted pulse power is an- 
other instance. Functions of this type are, of course, ex- 
ceedingly common. 


EXAMPLES OF THE USE OF LIMIT THEOREMS 


Example No. 1 

The problem is to try to destroy, by aerial bombing, a tar- 
get 20 feet in diameter protected by a heavily armored sur- 
face. In order to effect penetration it is essential to employ 
an armor piercing bomb with a delayed fuse; a charge of 
about 2000 pounds is needed. The impact velocity must not 
be less than 600 feet per second. Cloud cover over the tar- 
get has a ceiling of 4000 feet and radar techniques are not 
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available. Resistance to motion of the bomb may be assume) 
to be proportional to the velocity squared. Drag coefficient 
of the Mks 9, 10 and 11 type bombs are available. Select th 
most suitable missile. 

Problems of this sort can lead to much wasted time i 
they are not properly approached. Before we start to inte 
grate the equations of motions for a bomb falling in a me 
dium having resistance proportional to velocity squared, i 
is a good idea to put a top limit on the impact velocity as 
suming no air resistance. Application of the formuli 
v? = 2 gs shows that the extreme limit of impact velocit) 
when bombing from the extreme height limit is only abou 
500 feet per second. This cannot conceivably be increase 
since it assumes no air resistance. Therefore, the targe, 
cannot be effectively attacked by air bombing in the tactical 
situation described; time is wasted in further consideratior 
of the problem. ' 
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Example No. 2 


A survey is being made to determine the water power re. 
sources of a small island. The catchment area for a pro: 
posed dam can be assumed to be about 10 miles square. This 
region, substantially a natural lake, is approximately 206 
feet above sea level. Annual rainfall is 30 inches. It is in 
tended to replace a small diesel engined electric plant de 
veloping approximately 7000 kw which feeds the principle 
town. Partial replacement of the plant is of no interest. Be 
cause of the geographical layout of the terrain, the proposed 
hydroelectric station must be located about 10 miles from 
the town, which is the sole load. The energy is to be trans 
mitted along a 6600-volt, 3-phase, 4-wire alternating cur: 
rent system. Directly wound for this pressure, the genera 
tor would be driven from an impulse turbine. For evaluation 
of the dam’s evaporation rate, the following figures a 
given: Average day temperature of 70° F at a relative ht 
midity of 60% ; average night temperature of 50°F at a rela 
tive humidity of 70%. The basin of the dam is clay, and lo: 
by soakage may be assumed to be at the rate of a que 
pound of water per square yard per day. 

Before we get into involved computations about “evapo! 
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ion rates”, “soakage”, and “6600-volt 3-phase 4-wire AC 
rstems’’, let us put an upper bound on the available power, 
sregarding all details of the conversion process. The to- 
1 maximum hydroelectric energy available per year is ap- 
arently the potential energy of a chunk of water 10 miles 
juare and 30 inches thick, 200 feet above datum level. 
ith a mass of approximately 4.33 x 10" pounds, the en- 
‘gy available is thus 8.66 x 10**ft-lbs. If we now assume 
lat this energy is given up uniformly throughout the year, 
ie rate of energy working is approximately 1.65 x 10° ft- 
s per minute which represents approximately 5000 hp. 
Since the present generator plant develops 7000 kw it is 
vious that we cannot possibly replace it with a hydro- 
ectric generator under the circumstances described. The 
alizable power will be much less than 5000 horse power, 
nce the numerous losses involved have not been taken into 
count. 


xample No. 3 


In an ordnance department someone has come up with a 
iggestion to design an anti-tank gun on very novel prin- 
ples. The idea is to impart velocity to a shell by accelerat- 
g it in a powerful magnetic field formed by some sort of 
ectromagnet wound around the gun barrel. It is proposed 
energize the electromagnet briefly, while the gun is being 
ed, by discharging a large capacitor through the coil. The 
“oblem is to examine the feasibility of this proposal. 
The foregoing example illustrates the complications 
hich can arise if we become involved in details in the very 
ly stage of an evaluation program. Obviously, a reason- 
ly precise analysis of this proposal leads us into severe 
mplications. The discharge of the capacitor in the electro- 
agnetic system, even if we neglect magnetic saturation 
fects, would involve a second order linear differential 
juation. We soon become immersed in much more difficult 
msiderations of the thrust exerted by the magnetic field 
| the projectile, and how this might vary with time and 
stance as the latter moves down the gun barrel. Many ap- 
-oximations would have to be made, some of uncertain 
ulidity, before we could arrive at a relationship between 
ie muzzle velocity of the projectile and the various param- 
ers in the system. 

Before we become involved with any of these complica- 
ons we should ask ourselves this simple question: Where 
es the kinetic energy imparted to the projectile come 
om? Clearly, it comes from the charged capacitor. There- 
re disregarding all details of the complex conversion proc- 
is, We can assert with confidence that the maximum muz- 
e velocity cannot conceivably exceed that value obtained 
y equating the muzzle kinetic energy of the shell to the 
“iginal stored energy in the capacitor. 

To put the matter on a numerical basis, let us assume that 
anti-tank shell is a solid projectile weighing 10 pounds 
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and that a muzzle velocity of 3000 feet per second would be 
useful for the objectives required. These are reasonable fig- 
ures. The kinetic energy of the shell, 14 mv?, works out to 
about 1.41 x 10* ft-lbs which is equal to 1.91 x 10° Joules. 
The energy stored in a capacitor is 14 CV? Joules, for C in 
microfarads and V in kilovolts. The ‘only remaining task is 
to equate this expression to 1.91 x 10° Joules to determine 
the values of C and V. Obviously, an infinite number of pairs 
of values exists but if we arbitrarily pick C equal to 12,000 
microfarads, V works out at just under 18 kilovolts. 

The prospect of a 12,000 microfarad capacitor capable of 
withstanding such a pressure should be enough to daunt the 
heart of the most enthusiastic supporter of this proposal, 
especially when we reflect that any practical gun is likely 
to have a very low efficiency. The whole idea, therefore, does 
not seem practical unless thin dielectrics of much greater 
electric strength could be developed. We need not become 
involved in elaborate calculations to assess the situation. 


Example No. 4 


A company manufacturing electron microscopes wishes 
to develop a cheap and safe method of conveying the high 
voltage power from an extra high tension generator to the 
electron gun. One idea is to use a type of air dielectric coax- 
ial transmission line with grounded outer cylinder concen- 
trically enclosing the high voltage conductor. For the sake 
of cheapness it is proposed to support the inner conductor 
on a series of thin discs inserted into the outer tube. The 
electron gun operates at 200 kv. Let’s discuss this proposal. 


Let R be the radius of the inside of the outer conductor 
and r that of the inner one. It can be readily shown (by 
solving the reduced Laplace equation) that the maximum 
electric stress in the system occurs at the surface of the 
inner conductor. This stress has a value of 


av / Oi v / E In (r/R) | 


If R is fixed it is easily shown that this stress is minimized 
when R = er and becomes 


oV/or = — V/r 
If we assume that the maximum permissible working 
gradient in air at normal temperature and pressure is 20,- 
000 volts per cm, then apparently for a 200 kv line r must 
not be less then 10 cm and R is, therefore, about 27 cm. 
Since the diameter of the outer cylinder would be about 21 
inches, the whole system is not very practical. 


Example No. 5 


In some experimental research on the properties of dielec- 
trics, the goal is to apply a rapid succession of positive 


Fig. 1. The specimen under test is 
the dielectric in the center capacitor. 
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going pulses to the specimen. The amplitude of these pulses 
is to be about 200 volts, and the rise time is not to be greater 
than 1/5 microsecond. The setup shown in Fig. 1 is pro- 
posed as a means of achieving the above. The box B, which 
happens to be available, is a self contained high-speed pulse 
generator yielding substantially square negative pulses, at 
the required repetition rate, with a rise time of approxi- 
mately 1/10 microsecond. The tube T,, which is a 6L6, was 
added to invert the pulses and to increase their amplitude. 
The specimen under test consists of a thin ceramic wafer 
approximately 0.2 mm thick, 1 sq em in area and with a 
dielectric constant of 50. A cathode follower and bridge 
system including T, is used to reduce the specimen voltage 
to zero during the interval between the negative pulses from 
B. This is accomplished by adjustment of the R/R, ratio. 


+V2 


ANODE/GROUND RESISTANCE 
OF T, WHEN convening /1 


Fig. 2. C is the tube plus specimen capacitance. 


The essence of Fig. 1, so far as the pulse rise time is con- 
cerned, is illustrated by Fig. 2. The tube T;, acts as a switch 
shown as S. C is the combined capacitance of the specimen 
plus the tube. The voltage across the specimen thus varies 
between V, and V2 where V2 is the full busbar potential and 

r 
Vs =r--R Veo 
(V, is backed off by the bridge circuit in Fig. 1, reducing 
it te zero.) From Fig. 2 we immediately see that the posi- 
tive going voltage wave across C has the form 


ee vat (V2—Vid{l — exp - t/CR } 


Furthermore V. — V; —I1,R where I, is the standing anode 
current of the 6L6 during the conducting portion of its 
cycle. If we take V2 equal to 300 volts, reference to the tube 
curves for the 6L6 shows that I, can be about 60 ma. To 
give a 200 volt pulse the resistor R must be 3300 ohms. 

We next calculate the capacitance of the specimen from 
the data given; this works out at approximately 221 micro 
microfarads. To this we must add the tube output capaci- 
tance and the strays, including the specimen holder. A 
gross figure of 250 micromicrofarads would be reasonable. 
The time constant CR is thus about 0.8 microseconds. 

Obviously, this sets an upper limit to the speed of rise 
of the positive going wave across the specimen, even as- 
suming that the negative going wave driving the 6L6 is 
infinitely fast. The high performance of the self-contained 
generator in box B is thus wasted in the proposed setup; 
the latter would have to be redesigned to meet the criteria 
of the 1/5 microseconds rise time specified. 

The foregoing example illustrates the principle that the 
strength of a chain is only the strength of its weakest link. 
Often it is profitable to examine the various stages in the 
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operation of a connected series of devices to make sure tha 
their performances match each other appropriately. It is 
pointless to overdesign one component in a complicated 
system. 


Example No. 6 


Some 60 years ago Edison noted that power is dissipated 
in a resistor connected between the anode and cathode of 
a thermionic diode when the cathode is raised to operating 
temperature, even though no battery is included in the 
circuit. Apparently, this physical system represents 
method whereby heat energy might be directly transformed 
into electrical energy. The proposal is to start a project 
with the object of making a practical energy-to-electricity 
converter on these principles. What are the prospects for 
success? | 

Again we shall see the use of the limit theorem philoso-_ 
phy as a means of short circuiting a considerable amount of” 
intricate computation. Even in a planar system, the com-— 
plete solution of this problem is quite complicated, mainly 
owing to the effect of the space charge barrier which de- 
velops between the anode and cathode. Involving the in- 
tegration of a non-analytic function which has now been 
tabulated, the problem was first solved by Langmuir, Fry 
and Epstein in the early 1920’s. But perhaps we can avoid 
these complications by going to the heart of the problem. 

To accomplish this let us again pose a question: What is 
the ultimate source of power which is developed in the 
anode load? Obviously, it is the finite emission energy of 
the electrons from the heated cathode. To assign numerical 
values to this available energy we must know the nature of 
the emitted velocity spectrum. This is given for us by the 
basic equation 


. 2 
LIEN mv mv ) 
di = N +r -exp(- rr) a () 


where dn is the number of electrons emitted per unit area 
per second with normal velocities between v and v+év. N 
the total number of electrons emitted with all energies from 
0 to infinity. 

Using the relation 


smo" =eV (2) 

we may transform (1) to 
—_ e a ae 4 
ee, a =D (- 2) dV; @) 


where dn is now the number of electrons emitted per unit 
area per second having volt velocities lying between V an 
V + dv. 


From (3) we may deduce the total number of emitted elec: 
trons having energies equal to or greater than V electro 
volts. Clearly it is 


4 
— e eV 

ai =v {fet fex(- Vay <4 

Vv 

But, since edn = J, the current density due to all electron 

having energies equal to or greater than V electron volts 

and eN = J,, the saturation current density due to all elec 

trons, we may re-write (4) as 


+ 


J 2 ahaa 


This is the familiar Maxwell-Boltzmann retarding - ie 
equation. Its form is shown in Fig. 3. 
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ANOTHER STANDOUT B& A PACKAGE 


Now! “SINGLE TRIP’ 


CASES AND BOTTLES 


for Baker & Adamson “C. P.” Acids 


NO RETURNS! NO DEPOSITS! 
NO RECORD KEEPING! 
NO RETURN FREIGHT COSTS! 


Baker & Adamson offers an important, new 
development in packaging Sulfuric, Hydro- 
chloric and Acetic Acids, and Ammonia: 
no-deposit “Single Trip” shipping cases 
with non-returnable bottles! This special 
heavy duty case holds six five-pint bottles 
. . . eliminates deposits, record keeping, 
the trouble of making returns. 


Lighter Weight! Lower Freight Costs! 


The B&A case is made of double strength 
corrugated fiberboard, with bottles pro- 
tected by special ‘‘cushions.’’ Its tare 
weight is just 5 pounds, compared to 16 
pounds for returnable 9-bottle wood case 
. .. or just one half the tare per bottle. 
In addition, you can store 25% more acid 
in the same space with this case than with 
a wood case. The new bottles also weigh 
less ... 32 ounces as compared to 42 ounces 
for returnable bottles. 

With this “Single Trip” unit, there are 
no return freight charges for you to pay, 
and incoming freight costs are less, too. 
For most users, the modest increased 
charge per unit on this case will be more 
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than offset by these direct freight savings 
as well as by reduced handling and ac- 
counting costs. 


Same High Quality! 
Same B&A Safe Handling Features! 


When you buy Baker & Adamson “C.P.” 
Acids in this “Single Trip” shipper, you 
get the same high Reagent A.C.S. quality, 
the same convenience and safe handling 
features as always. The new no-deposit 
bottles have the same color-coded caps 
and labels for easy identification, the same 
“pour-clean” lips for fast, accurate dis- 
pensing. 

Ready now for shipment from many of 
B&A’s producing and distributing points. 
For information on availability in your 
ie phone or write your nearest B&A 
office. 


SULFURIC ACID 


95.5-96.5%, Reagent, A.C.S. 
(Sp. Gr. 1.84) 


HYDROCHLORIC ACID 


37-38%, Reagent, A.C.S. 
(Sp. Gr. 1.18) 


ACETIC ACID 
Glacial, Reagent, A.C.S. 


AMMONIUM HYDROXIDE 


Reagent, A.C.S. 
(Sp. Gr. 0.90) 


Baker & ADAMSON Kay 


GENERAL 


CHEMICAL 


DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
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Will Vacuum Melted Metais do for YOUR 
Product what they do for Jet Pianes ? 


A Vacuum Furnace will help 
you get the Answer 


The roaring gas turbines of 1000 mph 
jet planes use vacuum melted metal 
parts to withstand temperatures and 
stresses that would ruin conventional 
metal. If you use metal under severe 
conditions in your product... or require 
“cleaner” metals for smoother surfaces, 
you should be testing vacuum melted 
metals today. A high vacuum furnace 
will help you speed up these tests by NRC Model 2555 Vacuum Furnaces 
supplying your researchers with aready re now being used by leading air- 

= craft companies, engine manufac- 
supply of varying alloys. We have turers, investment casters, specialty 
made and operated more high vacuum steel producers to speed up the de- 
furnaces than anyone in the world. Can velopment of new materials that will 


hel Awe meet ever more severe operating re- 
we Nelp you, TOo* quirements. 


N R C OF NATIONAL RESEARCH 
z Rei iige = CORPORATION 
Equipment Division 242 Charlemont Street 


Newton Highlands 61, Mass. 


We can supply large size wae wos 
DICHROIC MIRRORS AND FILTERS [ities 


WHITE LIGHT 


: ROP 4d ; : RED & YELLOW GREEN 
Liberty Hi-efficiency dichroic mirrors and filters can 


now be supplied in an even wider range of sizes. RED AND 
YELLOW GREEN 


Standard production sizes are up. to: 20x 30 -To 
special order, we now make beam splitters contain- 
ing over 12 sq. ft. and we often aluminize parabolic 
reflectors over four feet in diameter. 

Early in 1956, we will have completed installation 
of equipment to meet the demand for even larger 
sized, vacuum coated products. We invite your 
inquiries now for special requirements. ; 

Liberty Hi-efficiency dichroic mirrors and filters 
are specially produced to satisfy to a maximum 
degree the specific reflection and transmission qual- 
ities required for an application. They can be pro- 


TRAWSMITTANCE (PERCENT) 


duced to peak reflection at approximately any part 
of the spectrum. They are extremely durable— | + 
highly resistant to salt water, other corrosive agents x 
and to deterioration by solvents. 3 
S “ ] . . . = 
Send us your inquiries on orders of one of a kind > 
or thousands. Each will receive our prompt and 
e) a 1 > ‘o « > ; ; oe 7 } i isi 
xperienced attention. Liberty Mirror Division, ou 3071087 wo 401 30045) aot env varrase cry 


Libbey-Owens-Ford Glass Co., LM-926, 608 Madison 
Ave., Toledo 3, Ohio. 


LIBERTY MIRROR DIVISION 


BRACKENRIDGE, PA. 
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WAVELENGTH IM MILLIMICROMES 


LIBERTY vacuum-deposited COATINGS 


LIBBEY-OWENS-FORD GLASS CO. 


LOAD LINE 


Fig. 3. Retarding’ field charac- 
teristic of a thermionic diode. 


Therefore, if we (a) neglect contact potential differenet 
and (b) neglect the space charge, then Fig. 3 is an exa 
statement of the retarding field characteristic of a therm 
onic diode. Postulate (a) is equivalent to asserting that 
work functions of cathode and anode are the same. Postt 
late (b) means that in practice the actual current, esp 
cially toward the right hand side of Fig. 3, will be less thay 
that shown, but will tend to the theoretical curve for lows 
currents and will exactly coincide with it in the retardir 
field region. Thus, assumption (b) certainly yields an upp 
limit to the available power. . 

Now connect a resistor R between the anode and cathoe 
The load line for this is drawn on Fig. 3 as OR and has 
slope 6 given by § = are cot R. Thus, P is the operatir 
point and the area BPAO is exactly the power delivereé 
to the load. 

Expressing this analytically we find 

Power delivered to load R is 


eV 
P=J,.° rep 
watts/unit area of system 
Thus maximum power is delivered (to a ‘matched’ load 
when dP/dv = 0. 
i.e., when 


aPytn eh ( as (8 fe eva 
ay ~ 9 = Jsexp So rege a fe: TT exp TT , 


i.e., when 
eV/kT =1 


substituting back in (6) gives this maximum power as 


oe ea ye Sas 2 
Pras Sait : exp (— 1) = 31,400 watts/em 


(T in degrees Kelvin, J, in amps/cm?) 

This completely defines the upper limit since it ignor 
space charge. Putting in practical values of T = 1100° 
J, = 1 amp/cm? gives the maximum power as about — 
milliwatts per square cm of emitter. 

To complete the first look at the problem, it is natural 
consider roughly what the conversion efficiency might 
Tables of radiation constants for cathode surfaces of © 
type being considered show that at 1100° K a figure of so 
1 to 114 watts per square cm would be reasonable. To t 
must be added some allowance for wasted thermal radiat 
from “end effects”, and other factors. Probably at lk 
another 1.5 watts would be required for this so that 1 
total input is of the order of 2 to 3 watts and the efficie: 
is thus of the order of 1.2 to 1.7%. Since this is an up 
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nit, space charge neglected, the position does not look 
ry promising. 

It is of interest to note that the shaded area in Fig. 3 
presents that portion of the heat energy delivered to the 
ode as a result of the impact kinetic energy of the inci- 
nt beam. To this must be added a term equal to the prod- 
t of the work function of the anode multiplied by the cur- 
mt flowing. This latter term is closely analogous to the 
tent heat of condensation of the working fluid in a heat 
ine. 


ONCLUSION 


These six examples show the limit theorem applied to a 
ide variety of situations. The early problems are very 
mple; they were specifically chosen to show how far 
aching conclusions can be drawn with only the most ele- 
entary scientific training. Similarly, we might extend the 
ehnique to much more complex problems where a consider- 
le degree of scientific sophistication is involved. Exam- 
es might include those involving information theory, limit 
y thermal noise in electric circuits, or ultimate resolving 
wer in optical systems as a function of aperture and wave- 
ngth. Specific examples of this nature have been avoided, 
ywever, since they appeal primarily to working scientists 
very specialized fields. The intention here has been to 
dicate the generality of these methods as a way of 
ought, and to carefully avoid giving the impression that 
ey are applicable only in a narrow sense. 
The place which limit theorems occupy in the conduct and 
rection of research can perhaps be summarized by a sim- 
e analogy. Without them—in one form or another—the 
anagement of research is analogous to the navigation of a 
cht in a large uncharted harbor at high tide, when all 
e shoal water and mud banks are covered. This, of course, 
a time-wasting process. Limit theorems provide the buoys 
hich indicate the forbidden regions of shallow water and 
us divide the area into the safe and unsafe. Furthermore 
and perhaps this is their most important feature—limit 
eorems necessarily lead to a mental outlook which disen- 
ngles the relevant from the irrelevant, throwing into 
rsh relief the core of the problem under examination. 
The days when great scientific discoveries were made 
ith sealing wax and string are indeed over. The cream 
skimmed off the milk, and today immensely complicated 
uipment, expensive material and first rate intellects seem 
be essential in extracting from nature her closely 
larded secrets. When confronted by some novel sugges- 
nm, it is no Judgment of Solomon for a research depart- 
ent manager merely to adopt the attitude, ‘‘Let’s investi- 
ite it and see.” In many instances a full investigation will 
1 an expensive and time consuming operation. It is essen- 
al, therefore, at a very early stage of an evaluation pro- 
‘am to try to bracket the phenomena being considered be- 
re committing expensive resources in manpower and ma- 
rial to a totally unknown field. 
To point out that it is inexact is not a valid criticism of 
e bracketing or limit theorem philosophy. It is better ‘‘to 
e through the glass darkly” rather than not to see at all. 
ne correct approach is to adopt a succession of approxima- 
ons of increasing accuracy which converge on the truth. 
| this way, the expenditure of time and money at each 
age of the approximations can be brought into alignment 
ith the probability of success. The degree to which this 
ndition is satisfied is perhaps the greatest criteria of the 
search manager’s competence in the conduct of his job. 


This might well be 


the most important letter ever write 


-c» because it could open the door toa 


lifetime job in a wonderful company 


If you’re an Electrical Engineer, with a 
Audio Amplifiers 

Auto Radio 

Automation Research 
Carrier, Wire-Line 
Countermeasures 

Data Processing 

Digital Techniques 
Electro-mechanical Design 
Electronic Carillons 
Electronic Switching 
Infrared 

Intercom Systems 
Laboratory and Test 
Engineering 

Loudspeaker 

Magnetic Tape Recorders 
Microwave, communication 


Navigational Systems 
for its grand schools, handsome residen- Radar 


high degree of skill and imagination in 
any of the twenty-odd fields listed right, 
we believe we can offer you the most 
promising opportunity in America. 

Since 1940, Stromberg-Carlson’s vol- 
ume has increased sixteen times. In 1955, 
we became a division of the headline- 
making General Dynamics Corporation. 
Our future is as unlimited as humans can 
promise themselves—and you could well 
grow with us. 

We are not looking for job-hoppers— 
but for men now stymied either by the 
limitations of a little company or the 
complexity of a giant. In any of the job 
classifications listed here, you'll find sat- 
isfaction and opportunity. 


And you'll like Rochester—well-known 


tial sections and wide entertainment, va- 


cation and cultural facilities. This firm’s Transistor Engineering 


Voice communication 
Writers—Bid Proposal 
Writers—Technical 


employee relations (including a liberal 
bonus plan) make it one of the state’s 


preferred industries. 


Write today—for an assured tomorrow! 


Send your letter to Director of Technical Personnel 


STROMBERG-CARLSON COMPANY ae 


A OIVISION OF GENERAL OYNAMICS CORPORATION 


Rochester 3, N.Y. 
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Telephone Switching Technique 


START WITH A PLAN 


TIME 
MANAGEMENT 
FOR THE 
RESEARCH 
EXECUTIVE 


Luis J. A. Villalon 
Management Affairs Editor 


If you’re an average research executive—and reasonably 
honest with yourself—you will admit to having been faced 
with the wifely question “ .... and what did you do to- 
day, dear?” without having a good and sufficient answer. 

You know you were busy, did no conscious loafing and 
stepped on the train as limp as yesterday’s tea bag. But 
when you try to outline your accomplishments, you draw 
a blank. The day seems to have disappeared into thin air, 
and you have ended it with the same accumulation of un- 
answered correspondence, unpalatable problems, and 
“things to do today” with which you began it. 

At this point, you would probably be quite willing to 
believe the finding that the average executive uses his 
real skills—the ones he was put in the job to use—only 
about 25 percent of the time. The other 75 percent of his 
ten or twelve-hour day, he “wastes”, in the sense that he 
spends it doing things that require considerably lesser 
skills than he is being paid hundreds of dollars a week 
to exercise. . 

You would like to have told the little woman, with 
some convincing specifics, that you spent the day planning, 
organizing, coordinating and controlling. These are the 
things you should have been doing. Properly described in 


Nw 
i) 


USE YOUR SECRETARY INTELLIGENTLY CUT DICTATION TIME 


detail, these activities just might convince her that yo 
business week is more than a collection of pleasant ¢ 
versations and three-hour lunches. 

When you add it up, however, she’s not as far off 
you indignantly will assert when pushed into a corner 
Too many days end up as a meaningless agglomeration 
talking, meeting, eating, telephoning, reading, signin; 
things and conferring ... nothing that could be vague 
described as policy-making and very little organizing, evel 
of one’s own affairs. The truth is that the average exe¢ 
utive allows his time—and actually that’s all he has 
sell—to be squandered outrageously. His nightly briefe 
full of work that didn’t get done is more often than n 
his own fault, rather than a real overload of his capacit} 
Too often, he has to retreat to his home to get the thin 
done that he has failed to discipline himself to do in h 
normal work habitat. 

But, you say, it’s deeper than all this. What the ex 
utive really needs is a well-organized staff, a system 
delegation, proper controls, and all the other things t 
make for a smooth-running department. Sure he d 
but everyone who talks about heaven ain’t a-going theré 
And if his overall departmental set-up is fair-to-averag 
he can get a lot more out of it by properly organizin 
his own activities. An analysis of the methods employ: 
by top men shows that nothing very complicated is 1 
volved in this business of intensive employment of ti 
—a few tricks, perhaps, but nothing that the aver 
executive can’t start doing tomorrow morning. 


| 1 | Start with a plan. 


Any executive worthy of the name tries to plan 
larger matters under his direction, but very few apply 
same principle to a simple thing like the nine-to-fiy 
routine. Every executive schedule must be tailormade; th 
important thing is that there be one. : 

It’s a good idea to prepare each day’s schedule the da 
before. Otherwise, the pressure of early morning event 
may well result in no schedule at all. Start out by settin, 
down fixed appointments and scheduled meetings. Ther 
set a time for the things you know you have to do, lik 
dictation, those ‘‘must’” phone calls, and the necessar 
chore of report-reading and trade publication scanning. 

And now comes the most important part of all: jot dow: 
a specific time for the duties that are difficult and 
pleasant, the ones that you put off and that return to cl 
up your schedule day after day. No executive can ope 
ate effectively without saying no— but very few enjoy 
Scheduling the unpleasant tasks serves as a helpful an 
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PROTECT YOURSELF FROM VISITORS 


dote to the tendency to hope problems will go away if left 
alone—or hidden at the bottom of the “hold” basket. 

Everyone has an individual energy cycle, and it’s im- 
portant to recognize it in laying out the day’s schedule. 
The slow starter should schedule the less demanding tasks 
for the early morning, to give him a chance to warm up. 
Most people have a drowsy period sometime in the after- 
noon. This is a good time to schedule appointments, since 
conversations with outside persons tend to be more ef- 
fective than matchsticks in keeping eyes open and brain- 
cells working. 

Charles A. Cerami in his book “Successful Leadership 
in Business” suggests that the dullest periods of a man’s 


day be reserved for preliminary study of the mail, talking - 


with visitors on subjects of routine importance and tele- 
phone conversations. Hours of top efficiency should be 
devoted to major problems, discussions and correspondence 
of first importance, and creative thinking. The intermedi- 
ate periods can be set aside for reading of business litera- 
ture, dictation of routine letters and memos, and meetings 
with others in your own Office. 


2 | Use your secretary intelligently. 


Delegate all the responsibility you can. A man who 
won’t even let his secretary punctuate his dictation can 
hardly expect her to develop into a very effective office 
helpmate. A good secretary can pick up a myriad of details 
if she’s allowed to—and encouraged to by a little credit 
where credit is due, by a show of confidence and by clear 
and intelligent directions. Some of the time-saving secre- 
tarial duties that efficient bosses mention include con- 
densation of long documents, pocket lists of the day’s 
ippointments, brief biographical resumes of scheduled 
callers, reminders of dangling loose ends and telephone 
promises. | 

One particularly effective secretary, who has kept Fed- 
sral Trade Commissioner Lowell Mason on the straight 
and narrow for years, believes an executive gets a secre- 
tary’s best work when he: “Lets her work without con- 
stant supervision and unnecessary instructions; entrusts 
her with business information so she can talk intelligently 
(or know when not to talk); consults her reaction to his 
writings and thoughts (she can often surprise him with 
rood ideas); dilutes criticism with humor (she'll always 
be grateful); gives sincere praise (more people die of 
broken hearts than of swelled heads).” 


3 | Cut dictation time. : 
It’s usually less time-consuming for both executive and 
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LUNCH—RELAX OR WORK? 


secretary to dispose of dictation in concentrated sessions. 
This is only possible if you cut down on interruptions by 
arranging for telephone coverage and deferment of visi- 
tors during the dictation period. 

You don’t have to put in the periods and commas, but 
it does help to give advance information about carbon 
copies, routing, method of signature and deadlines. A 
little thought beforehand cuts the ‘“cross-that-out” time 
and eliminates those long, embarrassing pauses. Avoid- 
ing such distracting habits as doodling, pacing, tooth- 
tampering, coin-jingling and cigar-chewing will not only 
get the job done more accurately but will make you a con- 
siderably more attractive figure to the lady across the desk. 

Converts testify that the dictating machine gives the 
executive the most complete freedom of action—but it can- 
not supply the stern, disciplining presence of a gal with 
a poised pencil waiting for you to get on with the task 
at hand. 


[a | Protect yourself from visitors. 


Most executives are convinced that the world is made 
up chiefly of people with the single desire in life of talk- 
ing their particular ear off. Scheduled or unscheduled, the 
visitor with a sense of urgency is a rare variety, and 
many an executive day has been completely given to over- 
long conversations through lack of a device to interrupt 
visitors pleasantly but firmly. 

Some men insist that the artificial gimmick to ter- 
minate conversations is a sign of weakness. The simplest 
method, they say, is to rise from one’s chair and indicate 
with some pleasantry that the talk is over. With others, 
however, this simple step is foreign to their natures. 

For these executives there are a number of special de- 
vices. Secretary interruption is one of the most popular. 
A pre-arranged signal or a pre-set time limit will assure 
an obvious interruption, at the proper moment. If you 
want to continue the conversation, all you need do is gloss 
it over; if not, it’s your excuse to terminate the discussion. 

Some use the frank approach. They simply announce be- 
forehand that they can give the visitor only a certain 
number of minutes, before another important appointment. 
One executive goes so far as to provide a special anteroom, 
devoid of chairs, in which to conduct speeded-up inter- 
views. A more common trick is the anteroom reception for 
visitors one doesn’t want to get stuck with in the office. 

Anyone who is likely to have a number of uninvited 
visitors—salesmen, suppliers, job applicants, or idea 
peddlers—would be wise to set specific visiting hours, 
and to enforce them. If these unscheduled callers have 
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RIDE HERD ON OUTSIDE ACTIVITIES 


anything important enough for you to see them about, 
they’ll come back at your convenience. 


| 5 Reduce staff contact time. 


Ulcers are rapidly reducing the ranks of the executive 
who insists that it takes longer to tell an assistant what 
to do than to do it himself. Beyond a doubt, however, a 
good many hours of the day must be spent making staff 
assignments, and, even more time-consuming, checking to 
see that they are carried out and answering questions that 
come up in the course of their execution. Most executives 
come to realize, too, that a good many staffers are eager 
beavers who snatch every possible moment of the boss’ 
time to make what they consider an affirmative imprint. 

Some men set aside specific hours each day for staff 
business, requiring that all problems be lumped for pre- 
sentation at a single session. Some even ask that they be 
briefed in writing the previous day. 

One executive supplements a scheduled weekly meeting 
with all project leaders by having his secretary space all 
appointments so that leaders can pop in for a few moments 
in between, to get quick policy decisions. 

Still another device is to devote all lunches to staff dis- 
cussions. This has the added advantage of inducing sub- 
ordinates into a more relaxed attitude while talking with 
authority. 


| 6 | Lunch—Relax or Work? 


A small group of busy men insist that lunch is a time 
to eat and forget about business; an even smaller group 
follow their own advice. The rest divide as to whether 
the business lunch is a good time for broadening contacts 
outside the company or whether it should be devoted to 
seeing staff members instead of using up the rest of the 
day with discussions. 

The latter course makes it possible to control the time 
and length of the session much more completely. In the 
former, the habits of the luncheon visitor and/or duration 
of the luncheon meeting make it impossible to keep to an 
exact schedule. Generally speaking, the busy man tends 
to look upon the association luncheon with a more and 
more jaundiced eye. He studies the program carefully be- 
fore exposing himself to the usual three-hour smoke-filled 
session. Another disadvantage of the business contact 
‘uncheon is the tendency to the pre-lunch cocktail and the 
over-heavy meal. Somehow, being abstemious verges on 
the inhospitable, and too much noontime food and drink 
is not conducive to alert braincells back at the office 
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TRICK THE TELEPHONE 


7 | Ride herd on outside activities. 


Particularly hazardous to men in the research field is 
the ever-present invitation to serve on professional or in- 
dustrial committees—and all executives are sought after 
for various community activities. 

Many such appointments start out by sounding hon- 
orary, but end up with business becoming a sideline. A 
safe rule is to learn beforehand how much work is in- 
volved, and then to discuss the matter with your secre- 
tary who will, after all, do a lot of the actual labor. 

In the research field, particularly, a good director can- 
not afford to eschew all professional activities. They are 
stimulating and a source of information on the new de- 
velopments that are so essential to his task. But active 
participation might well be limited to one professional 
group at a time, with work in the others being assigned 
to members of the staff. 


8 | Trick the telephone. 


There are a few men who maintain that it’s good public 
relations to answer their own phones, but there’s little to be 
said for this course on the grounds of office efficiency. One 
of the most useful things a secretary can do is to protect 
her boss from the telephone—not by making him sound 
unapproachable but simply by collecting phone calls in 
such a manner that he can answer them in a group and 
at his convenience. 

If one thinks that this system is hard on the caller, re- 
member the other side of the coin. When you carefully 
allot a visitor’s time, it’s a matter of simple courtesy to 
cut out phone calls and give him your undivided attention. 

If your secretary is thoroughly familiar with your busi- — 
ness and activities, she can dispose of a good many calls — 
without bothering you, including giving your wife the in- — 
side dope as to when you’ll be home for dinner. 

The long-distance phone call is a particularly trouble- 
some phenomenon. Supplying your secretary each morning — 
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will get this chore off your mind and enable you to go on 
about the business of the day without that annoying wait 
between putting in your call and getting your party. 


| 9 | Distill your reports. 


For awhile, as a by-product of wartime paper and la- 
bor shortages, many companies cut down on the ever- 
present inter-office report. But now these ponderous tomes 
are slipping back into favor to hog the time of busy men. 
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ILL YOUR REPORTS 


Actually, every study shows that the long and detailed 
eport is just not read and therefore is of little use. The 
lassic story in this connection is the voluminous report 
n duck cloth, into which had been inserted several para- 
raphs of Donald Duck. It duly went to seventeen recipi- 
nts and not one noticed the discrepancy. Too many re- 
orts on essential subjects list all the routine figures 
astead of just dealing with the deviations. As a result, 
othing gets read. 


In the research field, reports are a special menace. They 

an’t be eliminated and yet they are subject to special 
buse. Some suggestions for report control, from the 
‘olicy Holders Service Bureau of the Metropolitan Life 
nsurance Company, are particularly pertinent. This group 
dvises: 


A. Formation of a central agency within the depart- 
ment to sift and approve all existing and contem- 
plated reports; 

B. Irregular check-ups, using questionnaires asking 

. Name of report 

. Purpose of report 

. Who gets originals? 

. Who gets carbons? 

Does the value justify its cost? 

. Is it duplicated elsewhere in whole or in part? 

. If typed, will the original suffice? 

. If typed in multiple, will some other process serve 

the purpose as well? 

9. Do you recommend continuation of the report in 
its present form? 
10. If not, what is your recommendation? 

C. Finally, arbitrarily discontinue a report without noti- 
fication and see whether anyone misses it. Sometimes 
you'll be startled to find that no one does. 

Some attention to this report problem in your organiza- 
ion will not only conserve your time but will ease the 
urden on your subordinates and capture time for more 
roductive pursuits. Incidentally, a good secretary can do 
lot of report condensation, if only through emphasizing 
he important parts with an ordinary red pencil. 
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10, Shorten those conferences. 


The average business conference is second only to the 
abby visitor as a timewaster. But here again, they are 
_necessary evil that must be improved upon rather than 

oided. There are a few well-defined rules on conducting 
onferences that contribute to more effective meetings: 


SHORTEN THOSE CONFERENCES 
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ELIMINATE IRRELEVANT DETAILS 


A. List subjects to be taken up in advance; 

B. Set exact starting and finishing times of meetings; 

C. Limit attendance only to people concerned with the 

decision or discussion at hand; 

D. Keep meeting to the subjects for discussion; 

E. Assign follow-up to definite people. 

When subordinates discover that the boss wants his 
conference brief and to the point, they’ll start coming 
with their facts and figures in order. Remember, it’s up 
to you to set the tone. 


11 | Eliminate irrelevant details. 
aoe 


Sometime, when you have a few moments that you’ve 
saved with all the preceding advice, analyze the papers 
on your desk. Find out how many of them really shouldn’t 
be there—how many involve your meaningless signature on 
minor vouchers or requisitions. In other words, try to 
determine whether you are delegating as many of your 
nuisance tasks as you can, in order to keep your head clear 
and energy free for the important things you were hired 
to do. 


This brings us back to where we began—the definition 
of an executive’s job as planning, organizing, coordinat- 
ing and controlling. The foregoing simple hints all con- 
tribute toward these ends. Even so, however, the executive 
won’t really be getting the most out of his business day 
unless he makes specific efforts to find more time for what 
is loosely called “policy thinking’’. This should be particu- 
larly clear to the research director. If anyone in the com- 
pany realizes the importance of creative thinking, he should. 


Here again, the methods used vary from the simple to 
the elaborate. One executive interviewed simply locked 
his office doors for specified periods daily, to allow him- 
self the leisure to work on really important matters. An- 
other insisted that he could concentrate best on his com- 
muter train, luxuriating in that between-destinations feel- 
ing. Still another feels that the easy chair-and-slippers 
routine is the best for thinking out the knotty problems. 

Some busy men, who have not succeeded in reducing 
the harassments in their business environment, sneak 
away to spare offices or other hideaways to do their real 
work. 

But whatever the method, these men are at least find- 
ing some time to accomplish their ultimate mission. And 
they’re finding it in exact proportion to the effectiveness 
with which they are employing the simple devices that 
will cut their business routine to a minimum. * 
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GAS CHROMATOGRAPHY: 


Automatic Analyzer for the Chemist 


san instrument, said the chemist, “which 
all sample, separate 1t into its compo- 
the amount of each, record the quali- 
tative values, complete the opera- 
utes with an accuracy of 0.25%, 
of each component, require no 
he sample is introduced, and 
er sample without delay... 
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Charles T. Miller 


That instrument, the object of any chemist’s dream, is 
here. Based on the principle of gas chromatography, it has 
been called the greatest advance in analysis of volatile pe- 
troleum constituents and chemicals since the adoption of 
spectroscopic methods. Its versatility is such that in a few 
years it may well be a part of every chemist’s laboratory. 
Although primarily a chemist’s instrument based on chemi- 
cal principles, it is probable that physicists and physical 
chemists will use it to gain useful thermodynamic data. The 
method can be applied to the study of phase equilibria, and 
the determination of entropies and free energies of solu- 
tions. It should provide insight into the mechanisms of vari- 
ous solution interactions such as dipole-dipole orientation 
energies, van der Waals, Kessom, Debye and London forces, 
and the like. 


Applications of the Instrument 


The wide range of analytical problems to which chemists 
are applying the instrument can only be suggested. Here 
are a few of the things it does easily: It separates and ana- 


lyzes (qualitatively and quantitatively) such materials as 
e Ho, Oz, No, CO, CO,, NO, NOs, N.O and trace hy dro- 
carbons in air and nitrogen. 
e CC, through Cj components including trace compo- 
nents. . 
e Low boiling alcohols, aldehydes, ethers, esters, ne 
amides, fatty acids. 
e Primary, secondary and tertiary substituted hydro 
carbons. 
¢ Saturated and unsaturated compounds such as wall 
hexane and cyclohexene, pentanes and pentenes. R 
e Water in hydrocarbons. 
e Halogenated materials. 
e Aromatic content of catalytically reformed gasoliné 
The instrument also checks the efficiency of catalytic a 
kylation processes by identifying the components of charg 
and product or the efficiency of gas concentration plants by 
measuring heavier hydrocarbons in the exit gas. 
The instrument’s applications cut across all industrie 
Petroleum, petrochemical and natural gas chemists ha 
utilized it, as have manufacturers of cyclic intermediate 


plastics, insecticides, synthetic fibers and explosives. Pro- 
ducers of solvents, essential oils, cosmetics, pharmaceutical 
preparations, paints and lacquers, and compressed and liqu- 
fied gases also realize its applicability to their problems. 

Health departments are investigating its usefulness in 
cancer studies; the steel industry, for studies of combustion 
products; oil research, for jet fuel synthesis or determina- 
tion of hydrocarbon oxidation by bacteria. Producers of 
catalysts, flavorings, silicones, refrigerants, toilet goods 
and aromatics are also exploring its potential. 

The instrument is useful in preparing pure samples or 
in fractionating mixtures on a large scale. It promises to 
be of value in combustion analysis, in air pollution studies 
and in trace analysis of all kinds. In short, the prospect is 
that it will become a universal automatic analyzer, oper- 
ating over a temperature range of hundreds of degrees 
and serving both the chemical laboratory and the process 
plant in a variety of applications. 


What is Gas Chromatography? 


Gas chromatography is the separation and measure- 
ment of the components of a mixture by passing the mix- 
ture through a column in a stream of gas. Because dif- 
ferent equilibria exist between the mobile phase (carrier 
gas and sample) and the stationary phase (the column 
material), the components will separate according to their 
individual equilibrium constants. 

To put it more simply, each component in a mixture 
has its own “affinity” for a given column material. There- 
fore, it will cling to that material for a time character- 
istic to it alone and to no other component. The time dur- 
ing which it clings to the column before it is driven out 
by the carrier gas is called its retention time. At a given 
temperature, flowrate and sample volume, and with the 
same column material, column size and carrier gas, a com- 
ponent will always have the same retention time. Since 
each component has a unique “clingability” or retention 
coefficient for a given column material, it will stay a 
longer or shorter time in the column than other com- 
ponents in the mixture. Eventually, all components will 
be driven out by the carrier gas, one by one. And as each 
emerges, a sensing device (usually a dual thermalconduc- 
tivity cell) measures its concentration. The result is a 
series of symmetrical peaks on a recorder. The position of 
the peak along the ordinate or time axis is the qualita- 
tive value ... the time the component first appeared at 
the detector and how long it took to come out. The area 
of the peak, or the abscissa value, is a measure of its 
concentration in the mixture. 


Major Techniques in Separation of Components 


Two major techniques are used in the separation of 


‘components in the vapor phase: (1) gas-liquid or parti- 
tion chromatography; and (2) gas-solid or adsorption 
chromatography. In the former, the column material or 
stationary phase consists of a high boiling liquid (e. g., 
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Fig. 1—This illustration shows the instrument schematic of 
the Vapor Fractometer. (Also, see Fig. 4) Helium, the car- 
rier gas, is supplied from an external gas bottle and main- 
tained at a constant flow rate by a dual state pressure regu- 
lator. The carrier gas passes by the reference side of the 
detector before the point of sample injection. At the point 
where the sample is introduced, a small flash heater’is pro- 
vided to vaporize the sample immediately. Carrier gas and 
sample vapor then pass through the column and into the 
sensing side of the detector. The reference and sensing sides 
of a thermalconductivity cell are incorporated into a balanced 
bridge circuit. When a thermalconductivity difference occurs 
between the two sides of the detector, the resulting bridge 
unbalance provides a voltage which drives a standard strip 
chart recorder. The carrier gas and sample then pass through 
a flow meter and out to the atmosphere or to a collecting 
system. Temperature control is provided for the entire sys- 
tem with the exception of the gas pressure and flowmeter 
controls. 


= CARRIER GAS 


> CARRIER GAS 


FLOW METER 
E & SAMPLE 


BENZENE 


M-XYLENE 
P-XYLENE 


ETHYL- BENZENE 


Fig. 2—Shown in the upper part of this illustration is a 
synthetic mix of solvents ranging from highly polar to non- 
polar materials. Each component is completely separated 
resulting in an extremely high precision of analysis. The 
lower part of the illustration shows separation of some aro- 
matic hydrocarbons using gas chromatographic techniques. 


27 


MODEL 154 VAPOR FRACTOMETER 
SAMPLING REPRODUCIBILITY 
PHILLIPS HYDROCARBON MIXTURE Use, 
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134.9 
opts) 5.6 
SACK Vii 
4.5 55.0 4.5 54.9 
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MODEL 154 VAPOR FRACTOMETER 
ANALYSIS OF PHILLIPS HYDROCARBON MIXTURE #32 


AREA MOL% 
PROPANE 8 X3.3= 26.4 2.56 RUN 
ISOBUTANE 54.9X 4.5= 247.1 24.00 A 
N-BUTANE 135.0X5.6=756.0 73.44 
1029.5 100.00 
AREA MOL% 
PROPANE 8. X3.3= 26.4 2.56 RUN 
ISOBUTANE 55.0X 4.5= 247.5 24.05 B 
N-BUTANE 134.9X 5.6= 755.4 73.39 
1029.3 100.00 
MOL % 
PROPANE 2.55 
ISOBUTANE 23.98 mele 
fe N-BUTANE 73.47 
100.00 


Fig. 3—Extremely accurate sampling reproducibility is obtained by 
means of a precision gas sampling valve. The two runs on the left, 
made within ten minutes of one another, demonstrate an agreement 


silicone oil, dioctyl pthalate, diglycerol) spread over a large 
surface area solid (Celite or Kieselguhr) which acts only 
as a support. Components in the mobile phase partition 
between the vapor phase or substrate. The difference in 
the partition coefficient for each component provides the 
basis for separation. 

In the latter technique, the column is filled with a solid 
adsorbent material such as activated charcoal, alumina, 
or silica gel. The surface and fine pores offer varying af- 
finities for each component in the mobile phase, which again 
is the criterion for separation. 


How Components are Removed from the Column 


Subdivisions in technique are found in the different ways 
in which components are removed from the column. Dis- 


Fig. 4—Shown here is the Vapor Fractometer with its matching re- 
eorder. The precision gas sampling valve may be seen on the left side 
of the instrument. Liquid (or gas) samples are introduced by means 
of precision syringes through the opening at the lower left side of the 
front panel. A small flash heater vaporizes the sample instantly as 
the carrier gas carries it into the column. 
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with the Phillips analysis to a small fraction of a percent as the table 
on the right shows. Sample volume was 1 cc of Phillips Hydrocarbon 
Mix #32. 


placement Analysis uses a displacer vapor, which is more 


strongly adsorbed by the column material than any of the 


components, to push through the column and drive out the ~ 
various fractions in order of their increasing affinities for — 
the material. Frontal Analysis is similar to Displacement — 


Analysis except that the mixture itself is used as its own — 


displacer. Temperature Gradient Analysis consists of movy- 


ing a heater along the column to drive out the fractions in — 


the order of their boiling points. This is the only adsorbent- 
type column which does not require periodic regeneration. 
Elution Analysis consists of inserting the sample to be 


analyzed into a continuous stream of carrier gas which 


moves the individual components through the column at 
speeds depending on their respective retentions by the 


column material. Each component appears at the column 


exit at the time rate which is characteristic of its affinity 
for the column material. 
Careful exploration of all possible techniques has shown 


that a combination of elution principles with partition 


columns provides the best accumulation of advantages. 
Recognition of the superiority of this combination has 
speeded progress in this country. 


The Secret of Column Material 


Two components make up the column material: an in- 
active solid supporting material and the partition liquid 
or fixed phase. A solid is selected which has the largest 
possible surface area or number of plates, low adsorbtivi- 
ty with respect to components passing through, and uni- 
formity of size (down to 150 microns or 100 mesh). So 
far, acid-washed Celite has given the best results. 

The choice of the partition liquid or fixed phase is the 
most important factor in analytical work in gas-liquid par- 
tition chromatography. The field recognizes the extreme 
importance of using different column material of specific 
chemical character, and therefore with specific selectivity 
characteristics toward different components, to achieve 
the desired separation. In choosing partition liquids, many 
criteria are taken into consideration: boiling point, vapor 
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low Boiling Hidrocarbdn Mix (12 Components) 

~ 23 Minute Run (Room Temperature) ? 
Sample Volume: 1.5 cc (One Atmasphere) 

Outpet: 4 of Available Sensitivity 

“Carrier Gas: Helium 

— ... Flow Rote: 150 mb/min. 
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Fig. 5—Here is an analysis of a mixture of 12 low boiling hydro- 
carbons made at room temperature. All components were clearly 
separated in 23 minutes. Symmetrical band shapes make quantitative 
analysis simple and accurate. Mole percent concentration is found by 
multiplying peak height (a) times half-band width (b). 


interaction, chemical interaction and solubility. More can 
be done to separate components by choosing the right fixed 
phase than by adding to column length or lowering tem- 
perature. In the more difficult analyses, several columns are 
used on the same problem; to all intents and purposes in- 
finite resolution is available to the chemist with the ‘proper 
column materials at hand. 


Vapor Fractometry 


The chemist and his fellow scientists have a powerful 
and versatile new ally in gas chromatography, or “Vapor 
Fractometry’”, a term which more closely describes the 
phenomenon. The instrument is the most potent analytical 
tool to emerge in years. Its attractiveness lies not only in 
its simplicity and effectiveness but also in its cost-per- 
analysis ratio to other analytical techniques. Best esti- 
mates put it lower by a factor of 10. (Cost comparisons 
include initial capital outlay, maintenance, quality of per- 
sonnel required for operation, time per analysis, and time 
required for calculations, as well as an examination into 
the quality and quantity of data gained per analysis.) 

British scientists have pioneered in development of both 
the principle and instrumentation of gas chromatography, 
but great strides have recently been made in this country. 
Many U. S. chemical companies undertook their own pro- 
grams several years ago and are now reaping the rewards 
of an early entrance into the field. As a result, Gas Chroma- 
tography or Vapor Fractometry promises a new era of 
automatic analysis both in the laboratory and on stream in 
the processing plant ... plus a chance for the busy chem- 
ist to catch his breath at last. = 


Fig. 8—Gas chromatography avoids many of the pitfalls of precision 
distillation techniques, e.g., azeotropic formation, small differences in 
boiling point, etc. The illustration above shows separations achieved 
with closely boiling materials such as cyclohexane (81.4°C), benzene 
—(80.1°C), ethyl-acrylate (99. 8°C) and methy- methacrylate (100°C) 
which are also isomers. Water in alcohol ‘s clearly separated. 
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Fig. 6—The importance of selecting the proper stationary phase in 
the column for a given analysis is illustrated in the two runs shown 
here. In run A, the olefins are well separated but butene 2-trans is 
not. In run B, the olefin separation is poor but the butene 2-trans is 
clearly separated. 
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Fig. 7—The butene separation shown, impossible to achieve by vacuum 
distillation methods and extremely difficult with a mass spectrometer, 
took 15 minutes by gas chromatographic techniques. The analysis 
demonstrates the instrument’s ability to take advantage of the physi- 
cal properties of the sample (in this instance, the chemical complexing 
with the stationary phase) to achieve the desired separation. Other 
column materials will readily resolve the paraffin hydrocarbons. 
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HUMAN ENGINEERING 


In less than ten years Human Engineering 
has had a profound effect on development 
and design. Management’s interest in this 
new science 1s shown by its queries: “What 


Robert B. 


ASS HAS BEEN CONCERNED with the problem of design- 
ing equipment to suit his needs and capabilities ever 
since the first caveman selected and shaped a club to secure 
food or to protect himself. In selecting his club primitive 
man undoubtedly considered, perhaps in a nebulous, unver- 
balized manner, a number of factors which would go into 
making a good weapon for him—weight, grip size, balance 
and length. When Mr. Caveman had made his selection, the 
club was most suitable because it conformed to his particu- 
lar body dimensions, his strength and to the purpose for 
which it was intended. Today most simple industrial prod- 

‘ts can be used with relatively little loss in effectiveness 
due to differences among users. But our industrial age is 
rapidly becoming more complex, and the equipment needed 
to maintain it is likewise becoming more complicated. To- 
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is Human Engineering?”, “Can it en- 
hance our profit position?”, “How does 
it improve man-machine relationships?” 
Here are the answers. 


Sleight 


day more than ever before the machine must be tailored to 
the man. Such fitting of the machine to the man is one of 
the primary objectives of the practicing human engineer. 
Consider the cockpit of a modern fighter. Instead of the 
“stick and throttle” arrangement of World War I planes, 
the jet pilot is confronted with arrays of instruments and 
controls in front, at both sides, and in some cases, behind 
him. He must frequently wear an altitude pressure suit 
which even in an uninflated condition severely hampers his 
mobility and reduces the amount of room in which he may 
move. Thus restricted in movement, the pilot yet has much 
to do and to observe; at the high speeds at which he flies 
he has very little time to see and act before a needed — 
correction becomes an emergency or a crisis demanding — 
ejection from the plane. A modern 1,000 mph jet airplane — 
‘ 
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will cover a distance of nearly one-half mile before the 
jilot will be able to make a simple reaction to an object ap- 
yearing in the plane’s path. Each instrument or piece of 
quipment used must be constructed to suit the pilot’s 
apabilities, for a very narrow line exists between success- 
‘ul operation and disaster. 


Human Engineering Appraisal 


Equipment evaluation has always been a major task of 
he manufacturer. Seldom though has such equipment ap- 
raisal been done in a systematic fashion with all sorts of 
yeople using the equipment. Recently the human engineer 
1as taken over the major responsibility for equipment ap- 
raisal. This trend is logical whenever the equipment is 
(0 be used in any way by a human. The principal techniques 
of evaluation are statistical tests in a typical use situation. 
Most often this means comparisons between Model A and 
Model B used over a period of time by typical persons. The 
luman engineer is especially qualified to specify the test 
ement which has been referred to above as “typical”. He 
snows too how people vary, and he therefore specifies how 
nany test runs are necessary to obtain stable test results. 

Occasionally the experienced user, guided by the human 
ngineer, can evaluate equipment with a rating scheme. 
Such a scale may be similar to that in Fig. 1. 


The Human Body 


Any equipment which man is to use must be designed to 
uit his body measurements. Despite the fundamental na- 
ure of this statement and its tacit acceptance by equip- 
nent designers, detailed and precise measurements of hu- 
nan body size have been made only in recent years. Too 
requently equipment has been built to suit the technical 
‘equirements of the designers rather than the needs of the 
videly varied potential users. 

The fallacy of thinking in terms of an “average” man 
as also led to poor design characteristics from the stand- 
oint of human body size. By definition the average man 
s one who is neither tall nor short, fat nor slim. 


AVERAGE 90% BETWEEN 


A. erect sitting height ................ 35.9 33.8— 38.0 
Batrtrank) Heights .s:.-cs-.sedectseco088 23.3 21.3— 25.1 
Gare secita W@ightscii.cs<cseeccsnseneethoos 19.0 17.5— 20.5 
D. head length ........... erates es 7.8 7.3— 8.2 
Be SSO cIOTICINT esti is), dindncecors cov eeso 18.9 17.3— 20.5 
Bee EQN pee acs. ieened- fr hens 34.6 31.9— 37.3 
PRT OR AGING ere fteeescavesecocnsieaSo02 10.5 9.8— 11.3 
Be TCC ONCE, \eecescecse.s-ssdonneseig y fa 6.9— 8.0 
I. Jo 1h i aS npr 21.7 20.1— 23.3 
J.  shoulder-elbow height .......... 14.3 13.2— 15.4 
ee SSGUIder WIGHN °.....:.-..5..-0r00-0- 17.9 16.5— 19.4 
oe ES SE a errr 14.0 12.7— 15.4 
M. — standing height .................. 69.1 65.1— 73.1 

RSET E MUS) iatiedenstecc.aifecsdoes 163.6 132.5—200.8 


ee or Ge EE ES 
Fig. 2. Male Body dimensions. The comfort of an operator is a question of efficiency as 
much as it is of luxury. Although the design of a workspace on the basis of average 
dimensions is better than a hit or miss design, the inclusion of adjustability in chairs, etc. 
will increase the efficiency of odd-size operators and reduce the problem of selection. 


All examples of human engineering 
‘noted in this article are based on studies 
conducted by staff members of the 
Applied Psychology Corporation. 


February 1956 
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(FIG. 1) 


- MAINTENANCE EASE. 


- OPERATING EFFICIENCY. 


. INTERPRETABILITY. 


. OPERATOR 


. USER REQUIREMENTS. 


- ENVIRONMENTAL 


. COMPATABILITY. 


- VERSATILITY. 


- ACCURACY. 


. RELEVANCE. 


. SPEED. 


. COST. 
. SAFETY. 


EVALUATION 
CHARACTERISTIC* 


. PORTABILITY. (Is it easy to move?) 


. DURABILITY. (Can it be used for 


a long period?) 


(Can the 
unskilled repair it?) 


(What 
is the energy and time needed?) 


(Can _informa- 
tion about its operation be ob- 
tained readily?) 


FATIGUE. (Does its 
use tire, require concentration?) 


(Does it 
require high degree of skill?) 


DEMANDS. 
(Does it require special conditions 
for use and for storage?) 


(Can you use 
other equipment at same time?) 


(Can it be used 
for several or only a few jobs?) 


(Is it precise or 


thorough?) 


(Does it fulfill a 


basic need?) 


. SIZE. (Suited to user and job?) 
. WEIGHT. (Suited to user?) 


. APPEARANCE. (Is it appealing?) 


(Does it operate or do 
a job quickly?) 


(Is cost reasonable?) 


(Is it hazardous to the 
user or others?) 


* Special rating schemes are often used for special equipment. 


HOW WOULD YOU RATE IT? 
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He is the middle man; consequently half 
the population would be above average, 
half below. A few people will be extremely 
large, a few extremely small; for these, 
custom made equipment will be needed. 
For the most part it is impractical to de- 
sign equipment general enough to suit 
every man; therefore, designs are usually 
made to suit 90% of the people. Fig. 2 il- 
lustrates many of the anthropometric 
measurements of concern in equipment de- 
sign. 


The Human at Work 


Environment: The human engineer is not 
only interested in what the man works 
with but where he works. Environmental 
conditions can govern to a surprising ex- 
tent the efficiency with which machines 
are utilized. One of the environmental 
conditions arising from man’s quest for 
labor saving devices and high speed mo- 
bility has been air pollution and contami- 
nation by toxic gases resulting from in- 
complete fuel combustion. In most cases 
safeguards have been established where 
large, lethal concentrations of toxic gases 
are known to exist. Fig. 3 shows carbon 
monoxide concentrations in relation to 
effect on the human. The human engineer 
is particularly concerned with the aree 
(indicated by the question mark) which 
has not yet been thoroughly investigated 
by the physiologists and the medical spe- 
cialists. This is the area of low concentra- 
tion in which the human will experience 
such adverse effects as distraction, low- 
ered morale, slowed reaction and irrita- 
tion, all contributors to decreased effici- 
ency. 

Let us look at another activity of the 
human engineer relevant to the environ- 
ment. The human organism is remarkably 
adaptable to grossly changing and physic- 
ally stressing environmental conditions. 
This adaptability, or capacity for perfor- 
mance under adverse environmental condi- 
tions, sometimes means that the designer 


CARBON MONOXIDE IN BLOOD (%) 
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Fig. 3. Effects of toxic gases. Even a small concentra- 
tion of a toxic gas, such as carbon monoxide, will af- 
tact the living organism. The human engineer is espe- 
iclly concerned with the small concentrations (such as 
the ? area) becouse of the possibility of decreased per- 
ception and slowed reaction which can mean_ineffi- 
cient and hazardous operation when the man is under 
stress or the equipment is complex. 


overlooks the need for optimizing the work 
environment. Men can and have performed 
in extreme cold and extreme heat; men 
can work and fight in the desert or arctic. 
But when other stressful conditions, such 
as poorly designed equipment, exist in con- 
junction with adverse environmental con- 
ditions, the possibility of seriously im- 
paired performance, e. g. an incorrect or 
delayed reaction, is greatly increased. 

Below is a brief summary table of an 
appraisal done to guide research planning. 
The particular study upon which the 
guide is based was concerned with de- 
lineating the needs for human factor stud- 
ies relevant to design of equipment for 
use in the desert. Many of the facts and 
principles on this problem, as with num- 
erous others in the field of human engi- 
neering, are available for application. 
Still, certain experimental studies and 
many actual field investigations are 
needed. Human engineers are particularly 
qualified to conduct such studies because 
of their practical knowledge of human 
perception. 


Workspaces 


The workplace in the airplane: Current 
day aircraft, because of the intricacy and 
multitude of controls and displays, neces- 
sitate careful consideration of human 
body size. Fig. 4 shows the areas which 
can be used best for locating those con- 
trols operated by a seated man, such as 
the airplane pilot. In this model 90% of 
male fliers, even while wearing restricting 
clothing and survival gear, will be able 
to reach and actuate controls if these con- 
trols are located in the areas shown. This 
illustration also makes a distinction be- 
tween those areas where controls can be 
reached easily (optimum control area) 


TABLE I: 


AREA OF INQUIRY 


1. Desert Conditions 
Ze == mospheric 
Z terrains. 


SUMMARY OF SURVEY FINDINGS AND RECOMMENDATIONS 
ON HUMAN FACTORS IN THE DESIGN OF DESERT EQUIPMENT 


FINDING © 


Extreme highs of temperature, at- 
perturbations; 


and those areas where reaching is difficul: 
(maximum limit of work area). i 

The area near the operator is the opti-: 
mum one; both easy grasp and vision are! 
possible here. The surrounding area can| 
be reached by a full hand stretch, but 
portions of it will be beyond the field of 
vision. Visual displays should not be more 
than 60° from the straight-ahead line, but. 
will be readable if 28” from the eyes. 

The workplace in a truck cab: Motor: 
vehicle accidents are one of the most seri-- 
ous problems facing present day society, 
Among the many and varied causes of’ 
such accidents is poor design of the in- 
terior of the vehicle, which often makes 
operation difficult. Motion pictures were 
made of experienced drivers operating 
trucks over a standard test course. This 
film was then read, one frame at a time, to 
find out which cab designs were bad. If, 
for example, a truck driver has to lean 
far forward in order to operate the gear- 
shift lever, stretching draws him out of 
position so that he cannot steer quickly 
and aecurately. Such awkward positions © 
can contribute to accidents in a critical 
or emergency situation. Human engineers 
have studied the brakes, windshields and 
instrument panels of motor vehicles as 
well as other design features and have 
made recommendations for improving de 
sign deficiencies. ; 

Industrial inspection: Despite advances — 
in machine inspection much industrial in-— 
spection is still done by the human eye. 
Frequently the inspection by eye is done 
as the item moves by on a conveyor belt, 
so that the task is to see objects while 
they are in motion. . 

In such a situation when improvement - 
of quantity and/or quality of inspection 
is desired, one is immediately confronted — 


RECOMMENDATIONS 


Need data on desert conditions in 
difficult form useful to human engineer; 
need more data on brightnesses, at- 
mospheric conditions. 


2. Physiological 
Performance 


3. Psychophysical 
Performance 
(a) Vision 


(b) Audition 


(c) Psychomotor, 
mental 


4, Human Engineering 
in the Desert 


Functioning is near normal for ac- 
climatized persons; limits of bodily 
distress more easily reached. 


Brightness, atmospheric perturba- 
tions, terrain adversely affect abil- 
ity to see; precise effects not known. 


Effect of desert on hearing largely 
unknown; difficulties in communica- 
tion reported; auditory mirages. 


Performance not adversely affected 
by high atmospheric temperatures 
as such, except when combined with 
humid atmosphere. 

Heated controls and surfaces ex- 
ceed pain thresholds. 


Reports of excessive compartment 
temperatures, heated control sur- 
faces, poor ventilation, poor visibil- 
ity, cramped seating, and_ irrita- 
tions from dust and sand. 


Possible morale problem. 


Need research on vision specific to 
desert conditions. 


Research on best auditory signal; 
effects of atmospheric conditions, 
terrain. 


Research on ability to perform as 
function of control temperature. 


Continued human engineering ef- 
forts on desert equipment. Use of 
human engineering services in desert 
evaluations. 


Study of morale factors in ih 
ment .operation. 


- 
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vith the problem of visual acuity of the 
luman eye for seeing moving targets. An 
malysis of the job of glass bottle inspec- 
ion was conducted for the Owens-Illinois 
rlass Company. (In this company this job 
ecupies 25% of the company’s personnel 
nd costs several million dollars a year). 
sy relating the speed of target (i.e., de- 
ects like bubbles and cracks) movement, 
he typical percentage of defective bottles 
md the visual acuity, it was possible to 
lemonstrate that a 100% quantity in- 
rease would result in less than 1% in- 
rease in defective bottles passed as o.k. 
mprovement in lighting, bottle rotation, 
raining and morale would more than com- 
yensate for the very small quality loss due 
0 increasing the number of bottles per 
ninute passing in front of the inspector. 

Dials: The complexity of modern equip- 
nent demands that more information be 
ailable to man than may be obtained by 
lirect use of the senses. As a result the 
yperator of equipment must have informa- 
ion about the nature of his equipment 
yerformance presented to him in the form 
f relatively abstract displays. Usually 
hese displays are things he sees, but they 
an also be what he listens to or what he 
‘eels; for example, flying the beam or 
‘eading Braille. 

Very often one wishes to know quickly 
ind in numerical terms what is happening. 
Jow fast is the car going? At what alti- 
ude is the plane? What is the tempera- 
ure? Human engineers have attempted to 
-edesign dials so that these questions may 
ye answered with greater accuracy than 
ver before. Fig. 7 shows the results of a 
visual display study done to determine the 
yest kind of instrument dial for present- 
ng quantitative information about equip- 
ment operation. The small open window or 
counter type dial will give the highest 
reading accuracy. 

_ Numbers: Quick and accurate readings 


Seat reference point, SRP; Black Line = location for displays; 
Black area = limit of work area; 
Grey area = optimum work area. 


Control location in an airplane. Controls should not be located too near or too far 
rom the operator. Displays should be close to the line of sight. 


1.00 


VISUAL ACUITY 
un 
ro) 


Fig. 6. 


ANGULAR SPEED (degrees/second) 


Visual acuity as a function of target speed. Note that doubling 


from 60 BPM (bottles per minute) to 120 BPM means a 14% loss 
in inspection, but doubling again to 240 BPM means only another 


loss of 


of dials are often necessary. In our highly 
literate society this frequently means 
reading numbers. The seriousness of mis- 
reading numbers cannot be _ underesti- 
mated; for example, reading an altimeter 
as 580 feet when the actual altitude of an 
airplane is 350 may very well result in a 
crash, or reading a pressure gauge as 50 
instead of 80 may mean an expensive ex- 
plosion. When one thinks of the possibility 
of changing the design of some of our 
numbers he is immediately confronted 
with the problem of the familiarity of peo- 
ple with existing numerical forms. There- 
fore, although a really optimum design 
might be radically different, such changes 
would not be practical in view of probable 
public resistance to accepting them. The 
modified numbers shown in Fig. 8 differ 
only slightly from common forms. These 
digits have been thoroughly tested from 


Percentage of 
Accurate Reading 


Fig. 7. Dial reading ac- 
curacy in relation to dial 
shape. There are not only 
differences in how well men 
can read, but also differ- 
ences in how accurately 
dials of different designs 
can be read. It is often 
more efficient to select the 
easiest dial to read than to 
attempt to train the man. 


16%. However, because only a small percentage of the 
bottles formed are defective, this decrease in inspection will result in 
very little quality loss. 


the standpoint of accuracy and speed of 
reading. They are not as likely to be con- 
fused as the more commonly used digit 
forms where numbers such as 8, 5 and 8 
are often misread. You may wonder where 
the number “1” is. Because it is a simple 
straight form, it is so legible that it didn’t 
warrant experimental study. 

Symbols for complex displays: Suppose 
you wanted to symbolize some large unit 
in the form of compact figures. You might 
think of using letters and numbers, or 
words and abbreviations. The use of vari- 
ous geometric shapes is a logical supple- 
ment to the symbolization by these means. 
A study was conducted using a large num- 
ber of geometric configurations to ascer- 
tain which could be most readily discrimi- 
nated, i.e., which ones were easiest to pick 
out of a large mass of geometric figures. 
All of the figures tested use the same 
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Fig. 8. Most readable numbers. Line width, spacing, pro- 
portion and form have been experimentally studied. 
These numbers will be seen at greater distance and 
with less confusion than most common styles. 
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Swastika Circle Star Airplane 
Cross Crescent Diamond Triangle Heort 


Fig. 9. Some highly discriminable geometric forms for 
identifying visually. These forms may be useful on plot- 
ting boards, status boards, etc. 


amount of space; in other words they can 
all be inscribed in a common circle. Out 
of some 21 forms tested those 9 illustrated 
in Fig. 9 were found to be most easily and 
most quickly identified. Although there 
naturally would be a certain amount of 
initial learning required to understand the 
meaning of each symbol, they nonetheless 
could be of great value for use on plotting 


boards, status boards and_ electronic 
screens. 
Directional indicators: If you have 


driven an automobile often, you have un- 
doubtedly encountered directional indica- 
tors on highway signs which were difficult 
to see at a distance. Fig. 10 shows some 
“good” and “bad” directional indicators. 


Fig. 10. 
even be done aboot the high automobile accident rate. 
It has been found that the commonly used signs indicat- 
ing direction are not seen as clearly as the two top 
directional indicators. 


Arrows for showing directions. Something can 


+ 


These have been carefully tested, and the 
two noted as “good” have been demon- 
strated to be readable at nearly twice the 
distance of the poorly designed indicators. 
Here is an instance where the human en- 
gineer has contributed to both safety and 
design. 

Tactual displays: Despite the large 
amount of information obtained by the 
normal human being of things surrounding 
him by means of the tactual sense, very 
little use has been made of this sense in 
helping man control equipment. Fig. 11 
shows some letters, numbers and geome- 
tric forms which we have determined ex- 
perimentally to be identified easily by 
means of finger touch. As in the study 
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with visually perceived forms these tactu- 
ally perceived forms all covered equiva- 
lent area. Experiment determined that 
these raised forms could be “read” with 
nearly perfect accuracy even by untrained 
people with a mere touch of the finger tip. 
Possible ‘specific application of these 
forms in cases where the operator’s eyes 
are occupied elsewhere might be on push 
buttons on industrial machinery, on air- 
plane cockpit controls and on dashboard 
switches of the ordinary automobile. Also, 
such tactual cues can speed up learning 
and relieve the burden on other sense 
modalities and thus promote better overall 
human efficiency. 


Readability 


The complexity of much modern equip- 
ment has led to nearly incomprehensible 
instructions on how to use and maintain 
such equipment and devices. The human 
engineer, because of his interest in equip- 
ment design from the human factors 
standpoint and his knowledge of the learn- 
ing process, has logically become involved 
with the nature of instruction manuals 
and similar materials. In many cases in- 
efficient or hazardous operation of equip- 
ment can be attributed to lack of under- 
standing of instruction or maintenance 
manuals. These manuals, frequently pre- 
pared by design engineers intimately ac- 
quainted with all of the intricacies of the 
equipment, may be unintelligible to the 
operator or maintenance man. In some 
cases an analysis of the operation and 
maintenance technical manuals for cer- 
tain trucks gives evidence of the belief 
that most of the material would be classed 
as “difficult” and it was in fact found to 
be largely incomprehensive to those for 
whom it had been written. An original 
excerpt, as written in a truck technical 
manual, and revised (but perhaps not 
ideal) statement with improved readabil- 
ity are presented below. 


“175. Leakage Tests 
A. General 


The Hydra-Matic transmission does not 
“use” or “burn” oil, as an engine does. 
Consequently, any appreciable loss of 
oil from transmission is due to leakage 
and cause must be determined and con- 
dition corrected to avoid damage to 
transmission. Conversely, if transmis- 
sion fluid level raises, cause is due (sic) 
leakage into transmission of engine 
coolant. 


B. Oil Leakage 


From underneath truck, carefully ex- 
amine rear end of transmission case, at 
propeller shaft flange, for evidence of 
leakage.” 
A revision, employing several of the prin- 
ciples for increasing readability, might 
be as follows: 


“175. How to Test for Leaks 


The Hydra-Matic transmission does not 


Fig. 11. 


Letters, numbers and symbols for tactual dis- 
plays. These raised characters could be “read” by touch. 


BURN oil, but it may LEAK. If you see 
the oil going down, look for a leak, Then 
get it fixed as soon as you can. If you 
do this, you will help to avoid damage. 
If you notice TOO MUCH fluid see if 
water has leaked in. 


Where to Look for Leaks 


First you go underneath the cab of the 
truck and look at the back part of the 
TRANSMISSION CASE. There you will 
see the propeller shaft flange. Look 
there for spots where OIL is leaking 
out.” } 


Will We See More of Human 
Engineering? 


Although human engineering as a spe- 
cialty is less than ten years old, its effect 
has been profound. Besides the kinds of 
studies and applications already illus- 
trated, human engineers have been con- 
cerned with training devices, analysis of 
systems, picture quality, effect of color on 
safety and performance, light levels for 
work, effects of noise and vibration, voice 
communication, and many other aspects of 
modern life. To date human engineering 
has been applied mainly to military equip- 
ment and military jobs as in the follow- 
ing: cameras, fire control radar, trucks, 
telephones, aircraft, clocks, airway traffic 
control devices, tanks, rifles, road signs, 
computing machines, status boards, maps, 
plotting boards, synthetic trainers, navi- 
gator equipment, missile controls. and 
stoves. 

There can be little doubt that this list 
will continue to grow as more and more 
industrial people see the need for consid- 
ering the human element. The day may 
soon be here when the customer will ask— 
“Ig it human engineered?” Workers may 
ask about their jobs—‘When is my work- 
place going to be. human engineered? I 
my machine human engineered?” 

Human engineering of products, ma 
chines and workplaces is not an industria 
luxury; it is instead a means to satisfa 
tion, safety and increased production. 
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Research Administration 


MERRITT A. WILLIAMSON 


This is the second of Dr. Williamson’s regular monthly case presenta- 
tions on problems in research administration. Comments from readers 
on last month’s case—Mr. Colt and Mr. Fenn—will appear in the March 
issue of R/E. Remarks on the Dr. Abel case will be printed in April. 


It seems to me that all persons who are responsible for 
search work will agree that theirs is not a simple busi- 
ss. Whether we call it administration, management or 
rection of research is of little consequence. The work is 
iil] complex. The job of any manager, administrator or 
rector makes demands on the practitioner in the areas 
' human relations, long range planning and evaluation 
results, to mention only a few facets of the job. 

The field of research, however, requires many extra- 
dinary skills from its executives. Usually, many fields 
‘technology are involved and one man cannot be an ex- 
rt in all of them. He must, perforce, be a coordinator, if 
‘is to extract maximum results from the people in his var- 
is groups. The problem of coordination is compounded by 
e fact that researchers are individuals; professionals who 
ually do not conform to any set pattern. 

Some say that research personnel are the.same as per- 
nnel elsewhere, but I don’t entirely agree with them. 
om my observations, I feel that the best research and 
velopment personnel are unfettered in their technical 
proach, dedicated to the exclusive pursuit of their 
ublesome problems and basically disgruntled—hence 
2 drive to improve upon what exists. If one accepts this 
sumption, is it any wonder that in dealing with research 
rsonnel, special demands are made upon the administra- 
‘—particularly when one adds to the qualities stated 
ove a very high order of intelligence? 


me Other Administrative Difficulties 


Then, too, long range planning is not easy even when 
e knows exactly where he wants to be, what he has to 
er and what he has available to achieve his goals. The 
search executive must shape the course of his company’s 
ture in spite of, but dependent on, all these uncertainties. 
ld to this the difficult job of evaluation in areas where 
are are no bench marks and where commercial success 
failure more than likely depends on the performance of 
ch other company departments as manufacturing, finance 
d sales. Is it any wonder, then, that the research execu- 
e has been defined by “Boss” Kettering as a “cross be- 
een a prophet and a goad?” 

The problems of the research executive are indeed my- 
id. As was pointed out last month, when this column be- 
n, our objective is to point out some aspects of certain 
ministrative problems and subsequently, to present your 
sas about them. Again, your letters are solicited so that 
. may pass your suggestions on to readers, respecting 
ur anonymity if desired. One of the problems I find fas- 
lating and which has no formal methodology, so far as 
know, consists of selecting a course of action among 
ernative courses. Let us have your opinions on the fol- 
ie case which illustrates this problem. 


Doctor Abel’s Dilemma 


Dr. Abel is Director of Research for Company X (gross 
sales $100,000,000). He reports to the Vice-President of 
Research and heads an organization of 300 persons divided 
into one-third technical-professional, one-third technicians 
(hourly paid), and one-third overhead personnel (super- 
vision, business office, library, plant personnel, etc.). The 
major part of the work is in the area of aeronautical power 
plants which includes well-trained personnel in aerody- 
namics, thermodynamics, jet propulsion, internal combus- 
tion engine design, metallurgy and ceramics with emphasis 
on high temperature materials. Dr. Abel took his under- 
graduate studies in mechanical engineering and his gradu- 
ate work in aeronautics. He is forty-five years of age and 
has worked in this field almost exclusively. For the past 
ten years he has been in close contact with high tempera- 
ture work in the so-called super alloys and has acquired 
a working knowledge of the field. He has a competent de- 
partment head to direct work in this area. 

During the course of the research work, a continuing 
need for instrumentation involving electronic techniques 
was demonstrated; a department was therefore established 
which has been in existence for about a year. Mr. Brown 
(Age 38, M.S. in E.E.) was hired to head the department. 
He had held administrative positions previously and had 
had experience in building up several electronic laboratories 
as adjuncts to test programs in the civil service as well 
as in industry. 

At the time Mr. Brown was being considered, Mr. Carey 
(Age 42, no degree—3 years’ college in E.E.) was also 
interviewed and made a very favorable impression on Dr. 
Abel. Although it was obvious that Carey was not an ad- 
ministrator, he seemed to be a very practical engineer as 
he presented a list of some twenty-five patents which had 
been issued to him. Very adept with a soldering iron and 
possessing a vast empirical, practical knowledge of cir- 
cuitry, Mr. Carey’s drive and ingenuity, it was felt, might 
neatly complement the superior theoretical background of 
Mr. Brown who appeared equally competent but more in 
the direction of evaluation than origination. Brown’s per- 
sonality was far more that of an administrator and co- 
ordinator of men. Dr. Abel hired Carey as a Senior Engi- 
neer, and he reported to Brown a week after Brown arrived. 

Although there was never any open warfare between 
Brown and Carey, the hoped-for complementary team did 
not evolve even after a year of working together. To all 
outward appearances, each respected the other’s compe- 
tence in his own field. However, not much progress was 
made in getting the two into the same team. Confronted 
with the two different personalities and philosophies of 
operation, personnel in the department—now twenty engi- 
neers and eighteen technicians—were somewhat divided 
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SIDELIGHTS ON THE SCIENTISTS number 3 of a series 


Brain and Brawn 


Some of the young fellows on our staff 
have been analyzing our files of personal 
data regarding scientists and engineers 
here at Hughes. What group 


characteristics would be found? 


With additional facts cheerfully contributed 
by their colleagues they have come up 
with a score of relationships—some 
amusing, some quite surprising. We shall 
chart the most interesting 


results for you in this series. 


In our laboratories here at Hughes, more than 
half of the engineers and scientists have had 
one or more years of graduate work, one in 
four has his Master’s, one in 15 his Doctor’s. 
The Hughes research program is of wide 
variety and scope, affording exceptional free- 
dom as well as exceptional facilities for these 
people. Indeed, it would be hard to find a 
more exciting and rewarding human climate 
for a career in science. Too, the professional 
level is being stepped up continually to insure 
our future success in commercial as well as 
military work. 

Hughes is pre-eminent as a developer and 
manufacturer of airborne electronic systems. 
Our program includes military projects in 
ground and airborne electronics, guided 
missiles, automatic control, synthetic intelli- 
gence, Projects of broader commercial and 
scientific interest include research in semi- 
conductors, electron tubes, digital and analog 
computation, data handling, navigation, pro- 
luction automation. 
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ACADEMIC DEGREE 


Contrary to popular belief, higher academic study goes hand in 
hand with increased school athletic activity—as shown in the 
above chart. This is based on data obtained from a 20% ran- 
dom sample of the 2400 professional engineers and scientists 
of Hughes Research and Development Laboratories. 


DuE TO THE expanding use of Hughes 
electronic systems, new positions are 

open for engineers who have demonstrated 
ingenuity and inventive ability in the 
areas of product design. 


SCIENTIFIC STAFF RELATIONS 


Hughes 


RESEARCH AND DEVELOPMENT 
LABORATORIES 


Culver City, Los Angeles County, California 


‘ 
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in their opinions as to which was the more compete! 
technical leader. 

Although Carey, as Senior Engineer available for cot 
sultation and advice on all projects, reported to Brown, 
nevertheless exercised considerable authority by virtue « 
his proximity to the laboratory. On the other hand, Browr 
more of the administrator, stayed closer to his office ani 
dealt chiefly with the project engineers. 


A Crisis Develops 


A crisis arrived for Dr. Abel when demands were m 
by the Field Division for an instrumentation design to ac 
complish specific functions for one phase in the flight tesi 
ing of a reaction type motor. The requirements of th 
problem were discussed with Brown and he, in turn, ap 
pointed a Mr. Elson (Age 25, B.S.E.E., 2 years’ experience 
to head up the project. Since this was a problem in a) 
area of considerable interest to Brown (although not 
problem he had previously solved), he asked Elson to kee 
him informed on progress. He frequently attended projec 
meetings where he contributed many ideas which Elson ac 
cepted gratefully since he was entirely new in this are 
and had been with the company only four months. 

After plans had progressed to a fairly definite stat 
prior to construction of the first prototype model, som) 
of Elson’s men, who held Carey in high regard because o 
his “down-to-earth” approach, happened to sit with hin 
at lunch and discussed the project with him. This discus 
sion continued through the afternoon. Carey was disturbe! 
because he felt a much simpler system could be ie 
to accomplish the same results. He told Elson that thi 
plans could be simplified and improved. Elson reporte 
this to Brown who then talked to Carey while Elson wai 
present. 

After several days of intermittent discussion, Brow 
remained unconvinced that Carey’s proposal was simple 
and he was supported in this opinion by Elson. Carey wa 
so insistent and felt so strongly his obligation to sav 
company time and money that he put not only his objec 
tions into a memorandum to Brown with a copy to D1 
Abel, but also included his own proposal. Although a 
was not Dr. Abel’s field, he was impressed by the directnes 
and logic of the memorandum and its sincerity. He there 
fore asked Brown to outline his proposal in detail. Becaus 
the document which Elson prepared for Brown was not 
well written or as convincing as Carey’s, Elson and Browl 
were asked to meet with Dr. Abel to clarify their stan 
In Dr. Abel’s opinion, however, they were unable to fin 
much wrong with the approach suggested by Carey. D 
Abel talked again with Carey and was inclined to believ 
that his approach was superior. : 


, 


Forum 


Remembering that the details of design were outside Di 
Abel’s specialization and that he has respect for both Brow 
and Carey, put yourself in his place. Let us know how yo 
would resolve this dilemma, and be sure to state the man 
agement principles on which your solution rests. Undoubt 
edly, some of the principles will be in conflict, but we shoul 
learn something of the way in which such problems hay 
been solved. It should be interesting to see the assumptiol 
which are made about the case in areas where importa 
data may be missing. 
(Please address your replies to Dr. Merritt A. Willia 
% RESEARCH AND ENGINEERING, 77 South 
Stamford, Conn.) 


feasuring Business Changes 
By RICHARD M. SNYDER 


Reviewed by John Rivoire 
Manager of Market Research 
Westvaco Mineral Products Division 
Food Machinery & Chemical Corp. 


Richard M. Snyder has performed a 
ch needed service in his new book, 
easuring Business Changes’’.. The sub- 
e provides the necessary explanation— 
handbook of significant business indi- 
ions.” 

\fter a brief introduction, the author 
es that the supply of ‘‘outside’”’ economic 
ormation is significantly large and of 
yd quality. He counsels that, in view of 
undeniable influence of general eco- 
nic conditions on private business de- 
ions, some catching up on the demand 
e of the information equation may be 
essary. This book attempts to show how 
demand factor can be made effective by 
ilyzing the product in detail, showing 
vy it may be used and where it can be 
ained. 

‘he product, as Mr. Snyder shows, is 
lly a product-line, each designed for a 
cific purpose. The indicators relating to 
jor economic activities are grouped and 
lyzed in relation to each other. There 


. nine of these major groups: (1) 
tional Income and Product; (2) Popu- 
ion; (3) Labor, Employment and 
rnings; (4) Commodity Prices; (5) 
»duction and Business Activity; (6) 
onstruction Activity and Costs; (7) 


ude; (8) Financial Activity; and (9) 
ck Prices. The degree of discussion and 
Janation of these areas naturally varies 
aewhat. For example, there is a fairly 
aplete exposition of national income con- 
ts but a somewhat less extensive treat- 
nt of stock prices and only a brief 
ume of population data. In all cases, 
vever, the analysis and discussion are 
quate. It would, in fact, be hard to im- 
ve on any of them, for either coverage 
conciseness. 

[The value of each of these economic 
a series to the businessman is brought 
; in a general way in the discussion. 
wever, each user will have to determine 
‘himself the importance he will attach 
any of them. Certain of the groups will 
of special interest to people engaged in 
ana. line of business. For example, 
index of prices received and paid by 
mers (parity index) will be especially 


interesting to companies which sell pri- 
marily to agriculture and of somewhat less 
interest to companies which use agricul- 
tural raw materials. 

Research administrators will find a 
knowledge of these indicators helpful both 
in planning their long-term programs and 
in understanding the reactions of financial 
and general management people to their 
programs. They should also find that ability 
to discuss the economic data and economic 
guideposts will help them sell their pro- 
grams. For example, they may be able to 
show how certain indicators are favorable 
to extended research and development pro- 
grams in the area they propose to investi- 
gate, or they may be able to show that 
pursuit of a promising line of research and 
development would avoid the danger im- 
plied to present operations by one or an- 
other of the current indicators. All of the 
foregoing presumes considerable sophisti- 
cation in using these measures of activity. 
Careful study of this book will go a long 
way toward providing that sophistication. 
It should prove useful as an introduction 
to the study of economic indicators and as 
a handy guidebook to some of the tools for 
forecasting general business conditions. 
John Wiley and Sons, Inc., New York, N. Y. 
3882 pages, $7.95. 


Electroplating Engineering 
Handbook 


EDITED By A. KENNETH GRAHAM AND 
H. L. PINKERTON 


Reviewed by John W. Cook 
Manager, Applied Physics Department 
Burroughs Corporation Research Center 


The electroplating industry long has 
needed an exhaustive reference book cover- 
ing the engineering aspects of the subject. 
According to the editors, this book is de- 
signed to supply the needs of the electro- 
plater and the electroplating engineer. 
Admirably fulfilling this need, it provides 
a ready reference for almost all phases of 
electroplating engineering. The volume is 
definitely not designed for, the electro- 
chemist or for research laboratory person- 
nel doing advanced work in electroplating. 

The handbook is organized into two sec- 
tions. The first refers to general processing 
problems in which the various factors are 
considered in sequence, as would be en- 
countered in ordinary practice, starting 
with design for plating and continuing 


through surface preparation, to surface 
protection treatments. The second part of 
the book, dealing with engineering funda- 
mentals, emphasizes the economic factors 
associated with the electroplating industry. 

The book is very well written, remark- 
ably free from typographical errors, and 
shows an excellent appreciation of the prob- 
lems encountered by the practitioner in the 
selection of tables and topics covered. It 
is the work of a number of specialists as- 
sociated with various industrial corpora- 
tions throughout the United States, each 
of whom has contributed a section dealing 
with his particular specialty. The articles 
are clearly written; much attention is paid 
to definition of all terms used, and it ap- 
pears that special attention must have 
been directed toward making each presen- 
tation easy to understand. Specific instruc- 
tions on particular problems are avoided 
for the most part; recommendations are 
given whenever they have become standard 
practice. 

The intention of the editors is to revise 
the handbook about every fifth year to 
keep it up-to-date and complete. Consider- 
ing the excellent job done on this volume 
and the immense amount of material to be 
covered, this is indeed a formidable task. 
The editor and his associates are to be 
complimented on a fine job, resulting in a 
volume which may be recommended to all 
who are associated with the engineering 
aspects of electroplating. 

Reinhold Publishing Corp., 430 Park Ave., 
New York, N. Y. 585 pages, $10.00. 


Proceedings of the Conference on 
What Operations Research is 
Accomplishing in Industry 


Reviewed by Aaron Bakst 
Assistant Professor of Management 
Graduate School of Business 
Administration 
New York University 


This is the fourth in a series of mono- 
graphs issued by the Operations Research 
Group at Case Institute of Technology. 
While the first three monographs were 
devoted to specific fields of industrial and 
business endeavor (the first considered the 
problem of Operations Research in gen- 
eral), the current publication presents 
several very interesting and important re- 
ports on studies and investigations con- 
ducted in certain industrial enterprises. 
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While little specific emphasis is placed on 
consideration of the relevant methodologies 
of Operations Research investigations, 
these reports do contain considerable ma- 
terial which should be of interest to 
specialists as well as to businessmen. 

One might be impressed with the report 
on what Operations Research is doing in 
industry and how active such research is. 
However, a closer scrutiny of the tabulated 
report does not lead to such a conclusion. 
Of 310 concerns queried (729 individuals 
were interrogated), 147 replied. Only 85 
of the 147 use Operations Research meth- 
ods; 60 of the 85 indicated they plan to 
continue Operations Research. Thus, about 
29 percent plan to discontinue their activi- 
ties in this type of research, which sug- 
gests that Operations Research may not 
have lived up to the expectations of man- 
agement in some companies. Unfortunately, 
the report does not consider the problem 
in any greater detail. 

The twelve specific reports on the ac- 
complishments of Operations Research are 
impressive, thorough and convincing in 
demonstrating what Operations Research 
can and does accomplish in industry. How- 
ever, more justice would have been done 
to the subject if the reports contained more 
specific information concerning the method- 
ologies and procedures used in the research 
investigations. Operations Research may be 
characterized as team endeavor. Unfor- 
tunately, almost every report ignores the 
question of how the several members of 
the same team worked together toward the 
common goal. Up to the present time little 
is available to those on the “firing line” 
which would illuminate that phase of the 
work concerned with “human relations’’ 
first and with scientific theories last. 

To the initiate, the material in this 
monograph is the real caviar. To the un- 
initiated, it is somewhat heavy reading. 
All technical literature requires a trans- 
literation, and this monograph is no ex- 
ception (excluding a few of the reports). 
Thus, the report by John F. Magee on 
Operations Research in the General Elec- 
tric Lamp Division is palatable; it is in- 
teresting and instructive. Other reports 
are sketchy and general, and require spe- 
cial understanding. zi 

Nevertheless, the good featiree of this 
monograph are far more numerous than 
the bad. This publication, as well as its 
three predecessors, are strongly recom- 
mended as “musts” in any engineering and 
industrial library. 

Case Institute of Technology, Cleveland 6, 
Ohio, 102 pages paper-bound, $5.00. 


Reference Texts 


Spontaneous Ignition of Liquid Fuels by B. P. 
Mullins. Butterworths Scientific Publications, 
London. 117 pages, $2.75. 

This acardograph is essentially a review 
and assessment of knowledge in one area 
of the combustion field. It should also serve 


as a sourcebook of experimental informa- 
tion on spontaneous ignition published dur- 
ing the present century. 


Electronic Engineering by Samuel Seely, Mc- 
Graw-Hill Book Co., New York, N.Y. 523 
pages, $8.00. 

This textbook together with Radio Elec- 
tronics represents a revision and exten- 
sion of Professor Seely’s well-known Elec- 
tron-Tube Circuits. To the electronic en- 
gineer who is moving from one specialty 
to another, it offers an excellent review of 
basic circuitry other than radio circuits. 


Metals Handbook, 1955 Supplement. Written 
by 179 specialists. 'American Society for 
Metals, 7301 Euclid Ave., Cleveland 3, Ohio. 
208 pages (with tables, charts and illustra- 
tions), $6.00. 

This supplement to the ASM Metals Hand- 
book follows the general plan used in the 
1954 Supplement, which is to give practi- 
cal information on a wide variety of metal- 
working subjects that require up-to-date 
reference material. The 21 articles, writ- 
ten by 19 technical committees of the So- 
ciety, are divided among four main sec- 
tions: Metals and Applications, Design and 
Application, Processing and Fabrication, 
and Testing and Inspection. 


Table of Hyperbolic Sines and Cosines, Na- 
tional Bureau of Standards Applied Mathe- 
matics Series 45. Order from Government 
Printing Office, Washington 25, D.C. 81 pages, 
$0.55. 

Values of sinh x and cosh x are given in 
this publication for x =2 to x =10 at in- 
tervals of 0.001 to nine significant figures. 
These tables supplement those given in 
Applied Mathematics Series 36, Circular 
and Hyperbolic Sines and Cosines, where 
hyperbolic functions are given for x=0 
to x=2 at intervals of 0.001 to nine 
decimal places and for x=2 to x=10 at 
intervals of 0.1 to nine decimal places. 


Table of the Descending Exponential, Na- 
tional Bureau of Standards Applied Mathe- 
matics Series 46. Order from Government 
Printing Office, Washington 25, D.C. 76 pages, 
$0.50. 

The descending or negative exponential e* 
is tabulated in this publication from x = 2.5 
to x = 10 at intervals of 0.001 to 20 decimal 
places. The table provides greater accuracy 
than has heretofore been available in this 
range of the argument and hence facili- 
tates interpolation. 


Index to the Yearbooks and Regional Papers 
of the American Iron and Steel Institute 1910- 
1953. Compiled by Jeanne McHugh. University 
of Oklahoma Press, Norman, Okla. 593 pages, 
$12.50. 

This index covers the Year Books from the 
year 1910 through 1953, with the excep- 
tion of the years 1911 and 1942, when no 
books were issued. The Regional Technical 
Papers were first issued in 1947, and the 
index covers the material presented in them 
through the year 1953. 


Products and Shipping Containers, 40 


Peaceful Uses of Atomic Energy, Volume 3 
the Proceedings of the International 

ference in Geneva, August 1955. United 
tions, New York, N.Y. 389 pages, $7.50. (Sal 
agent: International Documents Serv 
Columbia University Press, 2960 Broadwa: 
New York 27, N.Y.) : 
Volume 3, one of 16 comprising all pape 
submitted at the Conference, provides 
summary of the status of reactor tech 
nology as of August 1955. Also include 
is a discussion of the problems and anti¢ 
pated direction of research and develo] 
ment for each major type of reactor. 
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Chemical Engineering (Volume II, Unit Ope 
tions) by J. M. Coulson and J. F. Richardso: 
McGraw-Hill Book Co., New York, N.Y. 9 
pages, $9.00. 

Volume II discusses various unit ope 
tions of chemical engineering from a fu 
damental point of view, giving in each 
the general principles of equipment oper 2 
tion. As far as possible, operations 
grouped into a number of sections, in eae 
of which the same underlying principle 
are involved, and the wide range of ap 
plicability of the processes of momentum 
heat and mass transfer is emphasized. 


The Petroleum Acids and Bases by H. 

Lochte and E. R. Littman. Chemical Publish 
ing Co., Inc., New York, N.Y. 368 pages, $9.0 
This monograph gives a detailed acco 
of the occurrence, isolation and identifica 
tion of the known petroleum acids an 
bases. It also covers all research work don 
in the United States and elsewhere. 


Publications of American Society for Testin 
Materials. Order from ASTM, 1916 Race St 
Philadelphia 3, Pa. 


ASTM Standards on Cement, 273 page 
$2.75 


ASTM Standards on Paper and Pape 


pages, $3.75. 


Determination of Shear Stability of Ne 
Newtonian Liquids, 12 pages, $0.75. 


Specifications. and Tests for Electrod 
posited Metallic Coatings, 104 pages, $1.85 


1954 Supplement to the Bibliography am 
Abstracts on Electrical Contacts, 48 page 
$1.00. 


ASTM Specifications for Steel gsi: Mi 
terials, 432 pages, $4.00. 


Elevated Temperature Properties FP Ca 
bon Steels, 68 pages, $3.75. ; 


Research Reactors, Prepared by the Unit 
States Atomic Energy Commission. McGra 
Hill Book Co., N.Y., N. Y. 442 pages, 36. 
Detailed descriptions of six representat: 
types of U.S. research reactors are giv 
in this book. For each of the various 
the book deals with general design f 
tures, core design and fuel handling, cc 
ing system (where applicable), con control ¢ 


instrumentation, shielding, expe 
facilities, and beatin cha _ cf 


+ 
i 

x 
Ad 


tesearch Reports 


Cathode System Eliminates 
Corrosion of Ships’ Hulls 

A two year U. S. Navy experiment with 
cathodic protection system has proved 
0% effective in eliminating underwater 
ll corrosion. The magnesium-anode 
thodic-protection system also proved 90% 
ective in eliminating corrosion of rud- 
rs, shafts and struts. 

The cathodic protection system was in- 
led for experimentation aboard the 
‘SS Ingraham”. Current for the cathodic 
otection system was furnished by 20 
‘ge magnesium anodes, 10 on each bilge 
2a]. A supplemental system utilizing an 
pressed-current graphite anode was used 
- part of the tests, but was largely in- 
ective due to excess current flow to areas 
mediately adjacent to the electrode. 

ie Performance of a Cathodic Protec- 
m System on the “USS Ingraham”, 
3 111742, 8 pages; $0.50. 


Textile Aging Tests 
Comparative effects of outdoor exposure 
d accelerated aging on synthetics in- 
iding rayon and nylon, plastic materials 
d coated fabrics were found to be gen- 
lly the same in tests conducted by the 
S. Air Force Materials Command. Since, 
wever, certain fabrics gave results after 
tdoor exposure not predicted by acceler- 
2d aging, the unit should be used chiefly 
a screening device. 
xtiles: Accelerated Weather Versus 
itdoor Exposure Tests, PB 111761, 49 
Ges $1.25. 


avy Tests Termite Repellents 
An evaluation of the toxic qualities of 
chemicals as termite repellents is given 
a report based on field investigations 
rried out in the jungles of Panama by 
2 Naval Research Laboratory. Wood 
nels were impregnated with compounds 


both known and unknown toxic quali- - 


s and exposed to attack by termites. Of 
2 compounds tested, pentachlorophenol, 
yper and zinc pentachlorophenate naph- 
senate, hexachlorophenol, zinc dithiocar- 
mate, creosote fortified with intermediate 
iling fractions, creosote residue, creosote 
us and tar acids and tar bases, and 
osote minus the tar bases were most 
ective in repelling termite attack. 
Field Evaluation of Termite Repel- 
PB 111737, 10 pages; $0.50. 


Hydrolysis in Oil Soap Systems 

Studies of hydrolysis in oil-dispersed 
soaps described as having practical impli- 
cations for industry are detailed in a re- 
port that compares the effects of hydrolysis 
in carbolylate-containing soap systems as 
well as those containing alkali or alkaline 
earth sulfonates. The effects on crankcase 
oils, fuels and greases are considered. Ap- 


plications where sulfonates may be pre- 


ferable are suggested. 

Hydrolysis of Oil-Dispersed Soaps in 
the Presence of Carbon Dioxide, PB 
111738, 13 pages; $0.50. 


Analytical Procedures For 
Synthetic Lubricants 

A relatively simple schematic procedure 
for the analysis of synthetic lubricants and 
additives and a new paper chromatographic 
method for the separation and identifica- 
tion of antioxidants are described. While 
these new techniques are not all as accurate 
as optical and other standard analysis 
methods, they are relatively easy to apply 
in field analyses, have good reproducibility, 
good qualitative selectivity and quantita- 
tive accuracy. 
Development of Schematic Analytical 
Procedures for Synthetic Lubricants 
and Their Additives, PB 111856, 223 
pages; $5.75. 


Rotary Wing Aircraft 
Handbooks 

Two volumes in the Air Force’s series 
of Rotary Wing Aircraft Handbooks. The 
first aims to introduce the mechanical de- 
signer to design problems associated with 
helicopters and to suggest practical meth- 
ods of handling these problems. Included 
are sections on rotor hubs and transmis- 
sion systems, control systems, auxiliary 
drives, governors and cooling systems. 
Mechanical Design and _ Description, 
PB 111632, 275 pages; $7.00. 


Rotary wing aircraft and flying devices 
as far back as 400 B. C. are described in 
this historical survey. Arranged alpha- 
betically by designer, the volume describes 
cyclogiros, magnus effect rotocraft and 
ornithopters, generally muscle powered, 
which attempted to imitate the flight of 
birds. 

Special Types of Rotary Wing Aircraft, 
PB 111633, 133 pages; $3.50. 


Reports in this section may be obtained 
directly from the Office of Technical Serv- 
ices, U.S. Dept. of Commerce, Washington, 
D. C., unless another source is stated. 


Ring-Opening Reactions Of 
Ethylenimine Derivatives 

Investigation of a number of pyrolytic 
and acid-catalyzed reactions of ethyleni- 
mine derivatives revealed that with de 
rivatives of l-acyl-2, 2-dimethylenimine, 
cleavage of the nitrogentertiary carbon 
bond of the ring occurs, followed by the 
formation of various cyclic and non-cyclic 
products. These results are rationalized by 
mechanisms involving the formation and 
reaction of tertiary carbonium ions. The 
pyrolytic and acid-catalyzed reactions of 
n-acyl-ethylenimines yielded no polymers. 
Ring-Opening Reactions of Ethyleni- 
mine Derivatives, PB 111858, 22 pages; 
$0.75. 


Controlling Air Permeability 
Of Synthetic Fabrics 
Methods which will aid the textile manu- 
facturer in controlling air permeability of 
synthetic fabrics are described in an Air 
Force study of nylon parachute. cloth. 
Twenty-four differently constructed sam- 
ples of nylon cloth of varying weights were 
woven and finished and a mathematical 
study was made of the relationship be- 
tween air permeability at 44-inch water 
pressure differential and at higher pressure 
differentials. Studies indicated that it is 
possible for the cloth manufacturer to con- 
trol air pressure characteristics of .textile 
fabrics at high and low pressures inde- 

pendently. 

Study of the Control of Permeability of 
Nylon Parachute Cloth at High and 
Low Differential Pressures, PB 111855, 
52 pages; $1.50. 


Plastics Research 

Two reports. The first describes meas- 
urements made from 10? to 107 cycles at 
25° to 150°C on polymer solutions in di- 
oxane and solid discs of the polymers con- 
taining varying amounts of plasticizers. 
Dielectric behavior of most of the amylo- 
pectin acetate-plasticizer systems studied 
showed considerable differences. 
Dielectric Dispersion Behavior of Se- 
lected Natural Polymers, PB 111857, 88 
pages; $2.25. 


The second report describes dynamic 
mechanical properties of polymethyl meth- 
acrylate over a frequency range of 6 x 10-* 
to 1.6 x 102 cycles per/sec and a tempera- 
ture range of —20°C to 80°C. Results on 
polymethy] methacrylate: indicate that three 
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mechanisms of relaxation are involved in 
the response of the material in this fre- 
quency and temperature range. 


An Investigation of the Dynamic Me- 
chanical Properties of Polymethyl Me- 
thacrylate, PB 111642, 35 pages; $1.00. 


Improving Ozone Resistance 
Of Tire Stocks 

Additives which improve ozone resistance 
of GR-S type rubber polymers are de- 
scribed in this report. Samples of synthetic 
elastomers containing specially prepared 
antiozidants were exposed to ozone attack 
under both dynamic and static conditions. 
Samples with as little as 2.5 to 5.0 parts 
of the additives demonstrated ten times as 
good resistance to ozone cracking as con- 
trol samples containing slightly lower 
quantities of commercially available anti- 
ozidants and wax. Excellent ozone resist- 
ance was also obtained without antiozidant 
additives for new elastomers containing 
chlorosulfonated polyethylene and copoly- 
mers of butadiene and vinyl pyridines. 
Development of Ozone and/or Oxygen 


Resistant Polymers, PB 111722, 105 
pages; $2.75. 


Methods of Testing Aircraft 
Glazing Materials 
Three methods of measuring the bire- 
fringence of hot-worked acrylics are de- 
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scribed. Two of the methods use oblique 
incidence of light upon the sample and 
avoid cutting a specimen out of the ma- 
terial to be tested. Also included are ex- 
perimental results of non-destructive tests 
on ten sheets of hot-worked materials. An 
analysis of the precision of the non-destruc- 
tive methods shows that one of them will 
yield an accuracy of five percent or better. 
The other method is suited only to special 
cases. 

Graphs for shortening the computation 
of birefringence are demonstrated. This is 
an interim report; research on the prob- 
lem is continuing. 

Methods of Measuring the Birefringence 
of Aircraft Glazing Materials, PB 111- 
825, 28 pages; $0.75. 


Air Force Metals Research 

Two reports. The first, from the General 
Electric Research Laboratory for Wright 
Air Development Center, discusses true 
stress-true strain rate data for 99.95% pure 
molybdenum over the temperature range 
from —196° to 1540° C. Strain-rate sen- 
sitivity was determined by rate-change tests 
and stress-relaxation tests. The data are 
presented as true stress versus true 
strain plots, plots of yield strength, tensile 
strength, and per cent of elongation as a 
function of temperature. Findings are an- 
alyzed to determine effect of temperature 
on flow characteristics of molybdenum. 


Tensile Deformation of Molybdenum as 
a Function of Temperature and Strain 
Rate, PB 111815, 31 pages; $1.00. 

The second report supplements a previous 
report of the same title (PB 111508, 261 
pages, $4.00) and compiles and evaluates 
new information on 31 binary and 39 ter- 
nary systems, including crystal structures. 
The material represents information avail- 
able in the period February 1953 to Sep- 
tember 1954. Presentations are standard- 
ized for ease of comparison of the systems. 
Phase diagrams are presented in alphabeti- 
cal order according to the chemical symbol 
of the elements added to titanium. These 
diagrams should be valuable to metallurgists 
in meeting problems in titanium alloy manu- 
facture and heat treatments. 


Constitution of Titanium Alloy Sys- 
tems, PB 111508S, 155 pages; $4.00. 


ASTE Technical Papers 


for 1955 


This 347-page volume presents all of the 
papers and panel discussions at the 23rd 
annual convention of the American Society 
of Tool Engineers in Los Angeles. The vol- 
ume covers 16 separate lectures, four 
panels and an ASTE Research Fund re- 
port on work-piece temperature distribu- 
tion, comprising a total of 86 papers. Sub- 
jects include the use of magnesium for 
low-cost tooling, coding and classification 
systems, cold steel extrusion tooling, 


ceramic parts and tooling for mechanical 
applications, heat treating steel and alumi- 
num, equipment leasing and the setting of © 
automation goals. 5 
1955 Collected Technical Papers, 347 
pages, $5.00 Available from American 
Society of Tool Engineers, 10700 Puri- 
tan Ave., Detroit 38, Mich. 
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ee ONAL information on most of the products 
or copies of the technical literature listed in this 
Supplement can be requested on the clip-out forms on 
page S-7. We will forward your requests to the appro- 
priate manufacturers as quickly as possible. Of course, 
you may still write on your company letterhead to the 
manufacturers at the address given. 


Laboratory Emergency Chart 


in revised edition brings the treatments up-to-date 
with latest practice. For wall mounting. Offered free 
to established laboratories. Requests should be signed 
by the individual in charge. Write directly to 

Fisher Scientific Co., 315 Fisher Bldg., 

Pittsburgh 19, Pa. 


Tantalum Corrosion 1 


kit for testing either in the laboratory or in process 
equipment is available to research personnel without 
charge. Contains three specimens. 

Fansteel Metallurgical Corp., North Chicago, Ill. 


Light-Weight Picture Tube 2 


has a rectangular glass envelope, 8” picture, weighs 
only three pounds, and is less than 11” long. For use 
in service monitoring and industrial TV gear. 

Tube Div., Radio Corp. of America, Harrison, N. J. 


Keyboard Converter 3 


decimal-to-binary type converts a four-digit decimal 
number to 14 straight binary digits and inserts co- 
efficients, constants and other data into a computer, 
using a manually operated keyboard. 

C. M. Johnson & Associates, Inc., Bethpage, N. Y. 


Spectrophotometer Survey 4 


that simplifies estimating spectrophotometer work 
loads in a laboratory. Breaks down into easy-to-follow 
steps a laboratory’s present and potential spectro- 
chemical analysis work load. By filling in the form 
the laboratory director is able to determine whether 
an automatic recording spectrophotometer will in- 
crease production and cut costs. 
Beckman Div., Beckman Instrument, Inc., 
Fullerton, Calif. 


Cneukalete 


Drawings Protected 5 


by a new drawing board attachment. By sliding the 
drawing down into the device, the bottom section of 
the sheet is coiled safely out of the way, then the top 
section can be worked on easily and comfortably. 
Spiroll Products Co., Room 38, One Concord Rd., 
South Sudbury, Mass. 


Electroplating Data Chart 6 


a time saving chart provides all related and compara- 
tive data on gold, rhodium, palladium, platinum, sil- 
ver and nickel. 

Technic Inc., 39 Snow St., Providence 1, R. I. 


Pneumatic Disconnect $s 


converts any pneumatic connection into a straight- 
through line. Presscre drop through the unit is equiva- 
lent to that of a straight tubing section. The unit can 
be disconnected or connected under pressure as high 
as 3,000psi. 

Eastern Aircraft Products Corp., 229 River St., 
Orange, N. J. 


Chemical Pump 9 


is a positive-displacement unit of the diaphragm type 
with pump head, all valve components, connecting 
flanges and nipples made of solid Teflon. Pumps all 
acids of full or medium concentration, alkaline solu- 
tions, petroleum hydrocarbons, and mixtures of these 
commodities at —50°F to 300°F. 

O. K. Machine & Tool, Inc., Waco, Texas 


Particle Accelerator 10 


a 3-million-volt Van de Graaff hood type has a power 
output rating of 3000 watts of radiation. Is designed 
to produce nearly all the fundamental radiations— 
electrons, x-rays, positive ions or neutrons. 

High Voltage Engineering Corp., 7 University Rd., 
Cambridge 38, Mass. 


Send new product announcements for inclusion in this section 
to RESEARCH & ENGINEERING, Editorial Offices, 77 South St., 
Stamford, Conn. Accepted as controlled circulation publication 
at Orange, Conn. Copyright, 1956. The Relyea Publishing 
Corporation. 

Volume 2, No. 2, Section 2, February, 1956. 
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Extraction Plant 11 


of worm-press type comes in three main types: the lab- 
oratory model, the standard machine, and the complete 
machine. Made by E. H. Bentall and Co. Ltd., Maldon, 
Essex, England. U. S. representative is 

Western Electric Engineering Co., Stockton, Calif. 


Reed Relay 12 


simultaneously functions as a filter for audio frequen- 
cies and as a relay. Available in either two-reed or 
three-reed design. Weighs only 0.4 oz. 

CG Electronics Corp., 305 Dallas St., N.E., 
Albuquerque, New Mexico 


Strain Gage Kit 14 


includes 10 SR-4 resistance type strain gages for use 
at temperatures up to 1800°F. Gages are of the etched 
foil type. Also has four types of cement with different 
temperature limits, detailed instructions for use, and 
tools to simplify application. 

Baldwin-Lima-Hamilton Corp., Philadelphia 42, Pa. 


Hydraulic Accumulator 15 


has special diaphragm which is only flexed, never 
stretched and operates indefinitely without loss of 
pre-charge presure, supplied by either nitrogen or 
regular air under pressure. 

John S. Barnes Corp., Rockford, Iil. 


Nickel Magnetostriction Transducers 16 


design booklet summarizes all practical experiments 
to guide the engineer toward a workable design in ex- 
ploring new fields in the sonic and ultrasonic regions 
in 38 pages. 

Readers Service Section, 

International Nickel Co., Inc., 67 Wall St., 

New York 5, N.Y. 


Magnetic Field Control 17 


system C-1 permits highly accurate stabilization and 
control of magnetic fields in the range of 300 to 18,750 
gauss. Used to control-two mass spectrometers in tan- 
dem, thus approximately squaring the resolving power 
of one mass spectrometer. 

Nuclear Magnetics Corp., Boston, Mass. 


Electron Tube Data Service 


on both domestic and foreign radio tubes gives (1) 
information about any particular tube, (2) all tube 
types whose electrical characteristics, bulb sizes, or 
base configurations fall within particular ranges, and 
(3) domestic tubes that can be substituted for unavail- 
able foreign tubes. Includes junction diodes and tran- 
sistors. 

National Bureau of Standards, U. S. Department. of 
Commerce, Washington 25, D. C. 


Continuous Color Sampling 18 


as a means of control in maufacturing processes, 
through the use of wavelength absorption from a con- 
tinuous flow of materials or finished products is of- 
fered by “Spectrostats”. Gasses, liquids, slurries, 
sheets or flow of unit solids may be monitored. 
Kaye Development Co., South Norwalk, Conn. 


Speed Control 19 


permits constant full load torque at all speeds from 
minimum to maximum and has a speed range of 10 to 
1. Called the “‘Theratrol’. 

Ther Electric Works, Dept. REN, 17 So. Jefferson St., 
Chicago 6, Ill. 


Delay Lines 20 


for use in printed circuits with leads brought out at 
any angle or position. 
ESC Corp. 5324 Bergen Blvd., Palisades Park, N. J. 


Epoxy Potting 22 


compound, H6600, especially developed for use in pot- 
ting large metal masses such as transformers, power 
bushings and related equipment. 

Electrical Insulating Materials Div., Houghton Labs. 
Inc., 322 Houghton Ave., Olean, N. Y. 


Straight-Through Valve 23 


provides two-way, leak-proof control of acids, oils, 
alkalis, slurries and most hard-to-handle fluids. 
Stockdale Engineering Co., Haddonfield, N. J. 


Portable Electric Oven 24 


capable of heating to 225°F in 15 minutes is priced 
at less than $100. 

Grieve-Hendry Co., Inc., 1401 W. Carroll Ave., 
Chicago 7, Ill. 
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Subminiature Connectors 25 


and matching coaxial cables, called type C-21, are 
0.565” in diameter and 1” in length. Shielded case 
types adaptable for use with up to five pins. 

Gulton Mfg. Corp., Metuchen, N. J. 


Ultrasonic Test Standard 26 


measures the acoustic power output of ultrasonic gen- 
erators. Will help establish needed codes and standards 
for design laboratories. P 

General Electric Co., Schenectady 5, N. Y. 


Strainers 28 


and air eliminators are described in detailed catalog. 
Rockwell Manufacturing Co., 400 No. Lexington Ave., 
Pittsburgh 8, Pa. 
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Dual Output Supply 29 


is magnetic amplifier regulated with a voltage output 
of 5 to 30 volts and 10 to 40 volts at 30 amperes. 
Perkin Engineering Corp., 345 Kansas St., 

El Segundo, Calif. 


Silicone Rubber 30 


applications described in this eight-page bulletin, AD- 
147, include molded and extruded parts for appliance, 
automotive and aircraft products as well as industrial 
seals. 

Garlock Packing Co., Palmyra, N. Y. 


Rugged Thermocouple Meters 31 


withstand a very high overload and utilize a new bi- 
filar or twin-wire suspension of the moving coil. Em- 
ploying a unique tensioning design whereby the bifilar 
wires always return to zero position with no current 
flow. 

Greibach Instruments Corp., Metuchen, N. J. 


Low-Temperature 33 


storage and utility cabinets are available in a number 
of sizes and temperature ranges. 

Hudson Bay Co., Div. of Labline, Inc., 3070 W. Grand 
Ave., Chicago 22, Ill. 


Hydrocarbon Resin 34 


bulletins on applications give specific formulations and 
cooking procedures for aluminum vehicles, varnishes 
and enamels, bronzing liquids, membrane curing com- 
pounds, waterproofing and wood preservative com- 
pounds and electrical insulation compounds. 

Velsicon Chemical Corp., 330 E. Grand Ave., 
Chicago 11, Ill. 


Glass Fiber 35 


products with their applications in thermal and acous- 
tical treatments, vibration and shock control, electrical 
insulation and plastics reinforcement are described in 
two bulletins, WPD-11 and WAF-1. 

L. O. F. Glass Fibers Co., 1810 Madison Ave., 
Toledo 1, Ohio. 


Neoprene and Hypalon 36 


characteristics and applications are described in two 
separate publications respectively, *both with special 
reference to their resistance to ozone. 

Elastomers Div., E. I. du Pont de Nemours & Co., 
Wilmington 98, Del. 


Purge-Type Thermocouple 37 


for high temperature and high pressure service in 
reactors, catalyst beds, glass plants. Specially de- 
veloped for temperature conditions up to 2900°F. 
Trinity Equipment Corp., 472 Westfield Ave., East, 
Roselle Park, N. J. : 
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Vulcanized Fibre 38 


characteristics and uses and laminated plastics are 
described in two bulletins entitled “Engineering Ma- 
terials for Modern. Industry” and “National Vul- 
canized Fibre in Industry”. 

National Vulcanized Fibre Co., 1055 Beech St., Wil- 
mington 99, Del. 


Miniature Bearings 39 


basic dimensions and dynamic capacities for over 
300 standard radial ball bearings and over 50 other 
standard ball bearings are illustrated and tabulated 
in a condensed, supplementary catalog. 

Engineering Dept., Miniature Precision Bearings, Inc., 
Keene, New Hampshire 


Synthetic Thickening 40 


agents, which are suggested as replacements for nat- 
ural thickeners in a broad range of industrial appli- 
cations, are the subject of a 28-page booklet. 
Plastics Div., Monsanto Chemical Co., 

Springfield, Mass. 


Industrial Triodes 42 


types 6756 and 6757 for induction heating and high- 
power dielectric heat-sealing equipment. 

Amperex Electronic Corp., 230 Duffy Ave., Hicks- 
Diesel rele UNeeve 


Lithium Hydroxide 43 


bulletin describes applications in storage battery 
manufacturing, lithium’ salt production and industrial 
plants needing an absorbent for gases in their pro- 
duction processes. 

American Potash & Chemical Corp., 3030 W. Sixth 
St., Los Angeles 54, Calif. 


Powder Metals 44 


bulletin lists their many uses in manufacturing com- 
mercial and industrial products, and shows many of 
the intricate mechanical and electrical parts made 
from these powders. 

Plastic Metals Div., National-U. S. Radiator Corp., 
3842 Madison Ave.,.New York 17, N. Y. 


Interchangeability Directory 


of industrial-type electron tubes (form 1D-1020A) 
and a “Picture Tube Replacement Directory” (form 
KB106) may be obtained from-this firm at a cost of 
20¢ each by writing directly to 

Commercial Engineering, Dept. RE, RCA Tube Div., 
Harrison, N. J. 


Photometer 46 


model 1370 aids in industrial and laboratory photog- 
raphy. Applicable to color separation and analysis 
problems. 

Servo Corporation of America, 20-20 Jericho .Tpke., 
New Hyde Park, L.I., N. Y. nia 
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Nylon Cement 47 


requires no curing and is available in a wide range 
of viscosities. Has high resistance to oils, aromatics, 
aliphatic solvents, alkalies and bleaches. 

Ions Exchange Corp., 44 Leonard St., 

New York 13, N. Y. 


Cylinders 4s 


valves, clamps and dial-feed indexing tables are de- 
scribed and illustrated together with price sheets in 
a catalog. 

The A. K. Allen Co., 57 Meserole Ave., Bklyn. 22, N. Y. 


Glass-lined Reactors 49 


with several new construction features in range from 
5 to 100 gallons capacity. Fulfill operational require- 
ments of high pressure and temperature reactions. 
The Pfaudler Co., 1000 West Ave., Rochester, N. Y. 


Thick Acrylic Sheet 50 


5” to 10” in thickness, is perfectly clear with no flaws 
or bubbles. It eliminates laminating to obtain the 
desired thickness for many applications. 

Cadillac Plastic and Chemical Co., 511 Second Blvd., 
Detroit, Mich. 


Stopcock Grease 52 


a fluorocarbon lubricant, has a temperature range of 
0°F to 350°F, is non-melting, thermally stable, non- 
corrosive, and is resistant to water washout. For the 
lubrication of laboratory and industrial equipment 
handling strong acids, oxygen, ozone, oxidants, halo- 
gens, and other corrosive chemicals. 

Scientific Glass Apparatus Co., Inc., Bloomfield, N. J. 


Tiny Voltage Divider 53 


composed of three resistance sections with four out- 
put terminals. This unit is completely encapsulated, 
providing protection against saltwater immersion, and 
extremes of humidity and temperature (—55°C to 
+-125°C). 

The Daven Co., 530 W. Mt. Pleasant Ave., Route 10, 
Livingston, N. J. . ! 


Centrifugal Pump 54 


bulletin describes a line of pumps in various sizes 
made from hydraulic bronze, which is resistant to 
corrosion, erosion, cavitation-pitting deformation and 
wear. 

Ampco Metal, Inc., 1745 So. 38th St., 

Milwaukee 46, Wis. 


Perspective Drawing 55 
system called “Precision Perspective” is simple and 
fast in the representation of a subject on a surface. 


Perspective, Inc., 402 American Bldg., 
Seattle 4, Wash. 
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Wide Band D-C Amplifier 56 


plug-in type, model C23125, d-c, specifically designed 
to serve as a low-level pre-amplifier in data han- 
dling systems where millivolt signals must be am- 
plified with a high degree of linearity, stability and 
speed of response. 

Doelcam Div., Minneapolis-Honeywell, 1400 Soldiers 
Field Rd., Boston 35, Mass. 


Moisture Vapor 57 


is removed from compressed air and gas by “Dehy- 
drafilter’. Models CM-15-3 and CM-25-6 applicable for 
jet aircraft and rocket research and other uses re- 
quiring clean, dry air or gas at pressures to 6000psig. 
Hankison Corp., 545 Biltmore Bldg., 951 Banksville 
Rd., Pittsburgh 16, Pa. 


3900°F Crucible 58 


has a melting point of 3900°F. Recommended for 
work with the following molten materials: aluminum, 
brasses, bronzes, copper, cryolite, fluorides, iron oxide 
slags, jet engine alloys, lead, magnesium, steel, tin 
and zinc, as well as with nitric acid, hydrochloric 
acid and hydrogen peroxide. 

Fisher Scientific Co., 717 Forbes St., 

Pittsburgh 19, Pa. 


Mercury Relay 59 


capable of handling any load up to 20amp or 1.5 hp. 
at 115 volts, 50/60 cycles. Very compact. Operates in 
30 milliseconds to make or break. 

Ebert Electronics Corp., 212 Jamaica Ave., Queens 
Village 28, N. Y. : 


Alternator 61 


two new models of heavy duty alternators designed 
to replace standard d-c generators on passenger Cars, 
light and medium trucks, school busses, or other 
equipment which is driven regularly at slow speeds 
with frequent stopping and starting. 

Leece-Neville Co., 1874 E. 51st St., Cleveland 3, Ohio 


Servo-Gear-Train 62 


size 11 weighing only 6.875 oz. and consisting of a 
single homogeneous unit instead of two separate 
parts. Type 2LR-3265 is designed to meet military 
requirements, and can be built to operate to 150°C 
ambient. 

John Oster Manufacturing Co., Avionic Div., 
Racine, Wis. 


Instruments Standards 


on bimetallic thermometers, resistance thermometers, 
filled system thermometers, glass stem industrial ther- 
mometers, and thermocouple thermometers (pyrom- 
eters). Write directly to 

Hampton M. Auld, Scientific Apparatus Makers As- 
sociation, 522 Fifth Ave., New York 36, N. Y. 


Use coupon on page S-7 to request more information. 
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Photosensitive Nameplates 63 


of heavy gage, photosensitive anodized aluminum 
with thicknesses of 0.064”. Have great resistance to 
abrasion, acids, alkalies and temperatures up to 
1000F°. 

Metalphoto Corp., 6811 Superior Ave., 

Cleveland 3, Ohio. 


Storage Batteries 64 


in flat-plate design are for use in electric industrial 
fork and lift trucks, mine locomotive power and ma- 
rine applications. Positive plate grids are constructed 
of Silvium. 

Dept. PC, Exide Industrial Div., The Electric Stor- 
age Battery Co., Box 8109, Philadelphia 1, Pa. 


High-Speed Research Camera 65 


capable of transporting film at high velocities for 
laboratory or field experimentation (Model 224). 
For such applications as a scope camera, for instance, 
it offers a wide range of high writing speeds from 4 
to 400 ft of film per sec. 

Beckman & Whitley, Inc., 780 E. San Carlos Ave., 
San Carlos, Calif. 


Solenoid Valve 66 


general purpose two-way type with a full area port. 
Automatic Switch Co., 391 Lakeside Ave., 
Orange, N. J. 


Printed Circuitry 67 


bulletin illustrates the advantages of printed cir- 
cuitry over conventional hand-wiring methods. Also 
includes a discussion of the economics of printed 
circuits and a description of the ways in whch they 
are produced. 

National Vulcanized Fibre Co., 1055 Beech St., Wil- 
mington 99, Del. 


Tachometer 68 


not only indicates speed, but actuates self-contained 
power relays that signal overspeeds and underspeeds. 
Available with any one of 48 different scales—marked 
in any scale such as rpm, fpm or sheets/hour. 
Metron Instrument Co., 432 Lincoln St., 

Denver 3, Colo. 


Water-Activated Batteries 69 


for use as an underwater source of electric power 
are described in a new bulletin, GEA-6238A. They 
have a voltage range from 1.3 to 180 volts. 

General Electric Apparatus Sales Div., 

Schenectady 5, N. Y. 


Stainless Steel 


samples, carefully analyzed and certified for compo- 
sition, are designed for calibrating and checking spec- 
trochemical methods of analysis. Samples are avail- 
able in two forms: rods 7/32” in diameter and 4” long, 
and rods 14” in diameter and 2” long. For a fee of 
$8.00 each may be obtained from 

National Bureau of Standards, Washington 25, D. C. 


Magnetic Recording 70 


and playback head capable of handling over 4Mc at 
a tape speed of 20 feet per second. Nearly 20ke can 
be recorded on each inch of magnetic tape. 

Clevite Corp., Cleveland, Ohio 


Variable Autotransformer 71 


type W5, has an increased rating but sells at a lower 
price than the model it replaces. Has counter bal- 
anced rotary parts. 

General Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 


Germanium Rectifier 72 


occupying a volume of only 190 cubic inches. 30kw 
liquid-cooled unit may be connected as a three-phase 
half wave unit, for a six-phase star operation, three- 
phase center tap, or as a dual three-phase half-wave 
for use with interphase transformers. 
International Rectifier Corp., 1521 East Grand Ave., 
El Segundo, Calif. 


Nylon, Teflon 73 


and specialty non-metallics are described in a bulle- 
tin in terms of properties and characteristics. Avail- 
able in stock shapes: rod, strip, tubular bar, slab, 
flexible tubing, tape and plate. 

Polymer Corp. of Pennsylvania, Reading, Pa. 


Filtration Manual 


especially written for product designers describes 
numerous filter applications and deals with such de- 
sign considerations as flow rates, viscosities of fluids, 
and contamination to be removed, as well as filter 
costs, types of filter elements and the proper selection 
of elements. Enclose 25¢ to cover postage and han- 
dling. Write directly to 

Dept. FM, Purolator Products, Inc., Rahway, N. J. 


Electronic Instruments 74 


for the research and design laboratory are described 
in this 12-page catalog. 

Precision Apparatus Co., Inc., 70-31 84th St., Glen- 
dale 27 7 he ISN. Y: 


Reinforcing Agent 75 


called “Indulin” described in Bulletin 204 is coprecipi- 
tated with various types of rubber. 

Polychemicals Div., West Virginia Pulp & Paper Co., 
Charleston A, South Carolina. 


Decade Counter Tube 76 


a cold-cathode, bi-directional type, designated type 
6802, has an output of at least 15 volts. The standard 
circuit frequency range is zero to 4000 pps—up to 10ke 
with special circuitry. 

Sylvania Electric Products Inc., 1740 Broadway, New 
Yorkd9. N.Y. 
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Sodium Dispersion Units 77 


with an impellor design that has been found extremely 
efficient in dispersing sodium in an inert organic me- 
dium. The lab model has a two-liter resin flask. 

Cowles Dissolver Co., Cayuga, N. Y. 


Chopper 

theory and use is described in bulletin 103. Gives de- 
tailed descriptions of chopper characteristics including 
definitions of all terms. Available free to those request- 
ing a copy on company stationery. 

Airpax Products Co., Middle River, Baltimore 20, Md. 


Compression Apparatus 78 


is hand operated. Can be used for testing materials 
such as ceramics, wood, plastic parts and metals. 
Weighs only 30 pounds. 

Soiltest, Inc., 4711 W. North Ave., Chicago 39, IIl. 


Overheating Warning 80 


is a metal tube with an inner cartridge that warns of 
danger at a specified temperature. Produces a heavy 
smoke and a pungent odor at factory-set temperatures 
ranging from 137°F to 450°F. 

Humphrey-Wilkinson, Inc., North Haven, Conn. 


Tiny Piston Capacitors 81 


have glass dielectrics and invar silver-plated rotors. 
The smaller of the two measures only 5/16” in length. 
Electronics Div., JFD Manufacturing Co., Inc., 6101 
16th Ave., Brooklyn, N. Y. 
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Thin-Wall Tubes in Sheets $2 


are fabricated easily by customer from flat rolls of 
copper, brass or aluminum for heat exchange or struc- 
tural applications. 

Revere Copper and Brass Co., 230 Park Ave., New 
WOUKA1 Ts Nery. 


Coke Oven Gas 83 


separation is discussed with the help of illustrations in 
this one-page reference file. 

Blaw-Knox Co., Chemical Plants Div., 

Pittsburgh 30, Pa. , 


Isotope Reference Samples 


for use in research on natural abundance of isotopes in 
forms suitable for mass spectometer analysis. Labora- 
tories using the samples will be asked to report their 
findings. Write directly to 

National Bureau of Standards, Washington 25, D. C. 


Differential Refractometer 85 


a well known device is a rugged portable unit designed 
‘or the direct measurement of the difference in refrac- 
tive index between a dilute solution and its solvents. 
Phoenix Precision Instrument Co., 3803 No. Fifth St., 
Philadelphia 40, Pa. 
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Electronics Trainer 86 


will help laboratories to develop or retrain their own 
technicians and engineering aids. 

Federal Pacific Electric Co., 50 Paris St., 

Newark 1, N. J. 


Traveling-Wave Tube 87 


amplifiers in new designs give broad-band amplifica- 
tion, choice of amplitude, pulse, phase or frequency 
modulation, constant 25 to 30db gain. 
Hewlett-Packard Co., 275 Page Mill Rd., 

Palo Alto, Calif. 


Water Conditioner 8&8 


that eliminates and prevents scale and corrosion 
formations in boilers and water systems without the 
use of chemicals. 

Packard Water Conditioner Div., Inc., 2220 W. Beaver 
St., Jacksonville 9, Fla. 


KU Waveguide Detector 89 
model 501, has a much lower voltage standing wave 
ratio in the 12.4 to 18kMe frequency range. 

The Narda Corporation, Mineola, N. Y. 


Sine-Cosine Potentiometer 90 
RVG-17XS, has been designed for computer, naviga- 
tional and control uses where compactness, light 
weight and higher operating speeds are essential. 
The Gamewell Co., Newton Upper Falls 64, Mass. 


Ultraviolet Recorder 91 


with a newly developed double monochromator for 
qualitative and quantitative analysis in the lab. 
Warren Electronics, Inc., Subsidiary of Perkin-Elmer 
Corp., Norwalk, Conn. 


_ Drift Compensation Switch 92 


primarily for use in analog computers to connect a 
single a-c compensating amplifier in sequence to a 
number of d-c computing amplifiers for zero drift or 
offset compensation. 

The Applied Science Corporation of Princeton, 

P. O. Box 44, Princeton, N. J. 


Tiny Indicator Lights 93 


are fully insulated, two-terminal lights for aviation 
and critical industrial uses. Have plastic lens. 
Hetherington Inc., Sharon Hill, Pa. 


41 Patents 


have been released for public use by the AEC. Sub- 
jects include: a “Laboratory Hood”; various ion pro- 
ducing sources; a “Method of Producing Zirconium 
Halide”; a means for applying a polyethylene coating; 
various electronic circuits; and a “Remote Control 
Apparatus for Transferring Liquids”. Applicants for 
licenses should apply to a 
Chief, Patent Branch, Office of the General Counsel, 
U. S. Atomic. Energy Commission, 

Washington 25, D. C. 
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Since this Supplement is designed to be removed from the 
main body of RESEARCH & ENGINEERING, many of the 
readers of this Supplement may not have any opportunity to 
see R/E. To keep them in touch with new product develop- 
ments that are announced in advertisements in the main 
section, last month’s advertisements are briefly reported here. 


Holders 100 


for fuses, resistors and capacitors and small tubular 
components; facilities for research, development and 
production of special electrical, electronic and auto- 
motive items. New engineering catalog available. 
Littlefuse, Des Plaines, Ill, 


Permanent Magnet Design 101 


information tells how to magnetize permanent mag- 
nets and use them efficiently. Offers a four-page re- 
port on “Indox I” ceramic permanent magnets; desig- 
nated Catalog 15-Q-1. 

The Indiana Steel Products Co., Valparaiso, Ind. 


Electron Microscope 102 


application in selecting and studying materials, cut 
costs, Save time and speed research and development. 
Catalog available. 

Radio Corporation of America, Dept. A-281, 
Camden, N.J. 


Fire-Resistant 103 


synthetic oils for lubricants and power transfer fluids 
in six controlled viscosities. Working sample and tech- 
nical bulletin available. 

Celanese Corporation of America, Chemical Division, 


Dept. 548-A, 180 Madison Ave., New York 16, N.Y. 


Digital Preset Generator 104 


ot delays, pulse bursts and voltage gates that also 
measures time intervals. Catalog available. Recycles 
in 50 microseconds. 

Potter Instrument Co., Inc. 

115 Cutter Mill Road, Great Neck, L. I., N.Y. 


Nitroparaffin Derivative 105 


highly reactive, is unique in that it is the only tri- 
hydroxy molecule with a primary amine group that 
is commercially available. Check sheet available. 
Commercial Solvents Corp., 

260 Madison Ave., New York 16, N. Y. 


Mylar 106 


metallized and laminated applications in a wide va- 
riety of color finishes, embossed patterns and special 
effects. For designers and manufacturers. Samples on 
request. 

Coating Products, 101 W. Forest Ave., 

Englewood, N. J. 


Earth 107 


report gives short history of and- lists applications 
for these metals. Technical data and research facili- 
ties report available on request. 

Lindsay Chemical Co., 274 Ann St., W. Chicago, Ill. 
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Gas Chromatography 108 


advantages in qualitative analysis; less expensive than 
distillation column or mass spectrometer. Descriptive 
bulletin available on model 154 Vapor Fractometer. 


Perkin-Elmer Corp., Norwalk, Conn. 
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Optical Instrumentation 109 


techniques for precision linear measurement. Bulletin 
161-54 is available or write describing your problem. 
The Gaertner Scientific Corp. 

1249 Wrightwood Ave., Chicago 14, IIl. 


Safety Pipettes 


filler eliminates the danger of burns and poisoning of 
mouth pipetting. Also very useful for radioactive so- 
lutions. Accurate to 0.01cc. 

Standard Scientific Supply Corp., 

84 West Fourth St., New York 12, N. Y. 


Radioisotope Chemicals 


use, properties, prices, packaging and Atomic Energy 
commission authorization procedure are listed in a 
24-page catalog. 

Baker & Adamson Products, General Chemical Div., 
Allied Chemical & Dye Corp., 40 Rector St., 

New York 6, N. Y. 


Consulting Services 


on a variety of technical and management problems 
such as product improvement, metallurgy, chemistry 
and nuclear science. Booklet: “Problem Solving—The 
Businessman’s Guide to Seeing Alternatives’. 


Tubing Valve 114 


can be installed in seconds. Low-cost unit for 14, %, 
14 and 1% inch OD tubing. Forms a gas-tight valve 
for use at up to 4000psi. 

Autoclave Engineers, Inc. 

860 East 19th St., Erie, Pennsylvania. 


Solenoid Selector 115 


valve for aircraft oil-hydraulic systems features a 
packaged design of seven units in one enclosure. 
For pressures up to 4500psi, ambient air tempera- 
tures to 350°F, and return-fluid temperatures to 400°F 
Vickers Inc., 1400 Oakman Blvd., Detroit 32, Mich. 


Casting Service 116 


for aluminum alloy hand forgings weighing as much 
as two tons. Available in a variety of shapes in- 
cluding square, biscuit, slab, tee, and parts with 
steps, tapers, lugs and bosses. 

Harvey Aluminum, 19200 S. Western Ave., 

Torrance, Calif. 


Arthur D. Little, Inc., 
84 Memorial Drive, Cambridge 42, Mass. 


Polarizing Microscopes 


Filtration Manual 117 


in both binocular and monocular types for research. 
Features inclined-tube method for ease of operation. 
Various accessories available. 

Carl Zeiss, Inc., 485 Fifth Ave., 

New York 17, N. Y. 


for product designers. Convenient single source of 
data on filters and filter applications for gases and 
liquids. Written for R & D engineers. 
Purolator Products, Inc., Rahway, N. J. 
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HERE’S HELP 


for your engineer-recruitment problem 


Engineers’ Joint Council and The Advertising 
Council offer free, expert help to advertisers 
promoting engineering as a career. 


The booklet reproduced here was prepared by The Adver- 
tising Council in cooperation with the Engineers’ Joint 
Council to help you make your advertising work most 
effectively in recruiting engineers for the future. 

1. It tells you what the problem is and the impor- 
tant part you can play in solving it. 
It outlines the advantages of an engineering ca- 
reer to help your company develop advertising 
appeals. 
It informs you as to the current activities of in- 
dustry in the education and recruitment of en- 
gineers. 
It offers Specific suggestions as to what you can 
do (from present manpower). 
It provides material that you can use in your 
own local and national programs. 
Many advertisers are using this booklet today. They say 
that it helps in orienting their engineer-recruitment ad- 
vertising to industry-wide recruitment programs. 
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Send for this Free campaign guide 
Prepared by 
THE ADVERTISING COUNCIL 
for the ; 
ENGINEERS’ JOINT COUNCIL 


The Advertising Council, Inc. 
25 West 45 Street 
New York 36, New York 


Gentlemen: Please send me a free copy of 
‘How your company can help promote engineering 
as a career.” 
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THE COMPLETE ‘CHEMICAL SPECTROGRAPH” for 

fast, precise quantitative 
and qualitative analyses 
of volatile materials 


FISHER-GULF 
PARTITIONER* 
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for gas-liquid partition 
chromatography 


gener ITO 


= ier 


Industrial and Engineering Chemistry calls partition 
The Fisher-Gulf Partitioner is the first complete auto- chromatography ‘‘the greatest advance in analysis of 


matic instrument for this revolutionary new technique. volatile petroleum constituents . . . since the adoption of 
In a few minutes it makes separations that take hours by Bey paso te 
fractional distillation. 

The Partitioner makes the fullest use of the basic ad- 
vantages of partition chromatography: high speed .. . 
high resolution . . . micro samples . . . qualitative and 
quantitative determinations... innumerable applications. 
It adds several unique features: 


AUTOMATIC INTEGRATION—No areas to estimate; the 
Partitioner measures them accurately. 


THIS BULLETIN TELLS 
“HOW AND WHY’’ 


CONTINUOUS SENSITIVITY CONTROL— Makes the slightest This 8-page bulletin shows the Partitioner’s poten- 
traces measurable tial value for analytical control of petroleum prod- 
; ucts, gas and liquid fuels, plant effluent gases, com- 
LINE OPERATED—A special a-c power supply maintains mercial solvents, many other industrial and re- 
constant voltage, assures a flat recorder baseline which search uses. 
shows the slightest deflection. WRITE FOR YOUR COPY: 
TEMPERATURE SELECTOR—“‘Dial” the working temperature 115 FISHER BUILDING 
directly; a thermostat maintains it. PITTSBURGH 19, PA. B-6 


©) FISHER SCIENTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


* trade-mark Developed by petroleum specialists in the Beer, Cleveland Philadelphia Wosninaray 
Gulf Research and Development Company; refined in Buffalo Detroit Pittsburgh Montrea 
the Fisher Development Laboratories. Chicago New York St. Louis Toronto 


